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(54) TiUe: PACKAGING SYSTEMS FOR HUMAN RECOMBINANT ADENOVIRUS TO BE USED IN GENE THERAPY 
(57) Abstract 



The invention provides improved methods and products based on adenoviral materials which can advantageously be used in for 
instance gene therapy. In one aspect an adenoviral vector is provided which has no overlap with a suitable packaging cell line which is 
another aspect of invention. This combination excludes the possibility of homologous recombination, thereby excluding the possibility of 
the formation of replication competent adenovirus. In another aspect an adenovirus based helper construct which by its size is incapable of 
being cncapsidated. This helper virus can be transferred into any suitable host cell making it a packaging cell. Further a number of useful 
mutations to adenoviral based materials and combinations of such mutations arc disclosed, which all have in common the safety of the 
methods and the products, in particular avoiding the production of replication competent adenovirus and/or interference with the immune 
system. Further a method of intracellular amplification is provided. 
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Title. Packaging systems for human recombinant 
adenovirus to be used in gene therapy. 

The invention relates tc the f^eld of recombinant 
DNA technology, more m particular to the field of gene 
therapy. In particular the invent:.on relates to gene 
therapy using materials derived from adenovirus, in 
5 particular human recombinant adenovirus. It especially 

relates to novel virus derived vectors and novel packaging 
cell lines for vectors based on adenoviruses. 

Gene therapy is a recently developed concept for 
which a vide range of applications can be and have been 
10 envisaged. 

In gene therapy a molecule carrying genetic 
information is introduced into some or all cells of a 
host, as a result of which the genetic information is 
added to the host m a functional format. 

The genetic information added may be a gene or a 
derivative of a gene, such as a cDNA , which encodes a 
protein. In this case the functional format .-neans that the 
protein can be expressed by the machmerv of the host 
cell . 

20 The genetic mform.ation can also be a sequence of 

nucleotides complementary to a sequence of nucleotides (be 
it DNA or RNA) prese.nt m the host cell. The functional 
format m this case is that the added DNA (nucleic acid) 
molecule or copies made thereof in .^im are capable of 

25 base pairing with the complementary sequence present in 
the host cell . 

Applications include the treatment of genetic 
disorders by supplementing a protein or other substance 
which is, through said genetic disorder, not present or 
least present in insufficient amounts m the host, the 
treatment of tumors and (other) acquired diseases such as 
(auto) immune diseases or infections, etc. 



15 



30 



at 



SUBSTITUTE SHEET (RULE 26) 




wo 97/00326 „ PCT/NL96/00244 

As may ce clear from rhe above. ::nere are basLcail\- 
three different approaches m gene therap'.v one a:Lrected 
towards compensating a deficiency present: m a (mammalian^ 
host; the second directed towards tne removal or elimination 
5 of unwanted substances (organisms or cells} and the third 
towards application of a recombinant vaccine (tumors or 
foreign micro-organisms) . 

For the purpose of gene therapy, adenoviruses carrvino 
deletions have been proposed as suitable . '/ehicles . 

10 Adenoviruses are non -enveloped DNA viruses. Gene- transfer 
vectors derived from adenoviruses (so-called adenoviral 
vectors; have a number of features that make them 
particularly useful for gene transfer for such purposes . Eg . 
the biology cf the adenoviruses is characterized m detail, 

15 the adenovirus is not associated with severe human patnology, 
the -/irus is extremely efficient in mtrccucmg its DNA into 
the host cell, the virus can infect a wide variety of cells 
and has a broad host -range, the virus can be produced m 
large quantities with relative ease, and "he virus can be 

20 rendered replication defective by deletions in the early- 
region 1 (Zl) of the viral genome. 

The adenovirus genome is a linear double - stranded DKA 
molecule of approximately 3 6 000 base pairs with the 55-kDa 
term.mal protein covalently bound to the 5 ' terminus of each 

25 strand. The Ad DNA contains identical Inverted Terminal 

Repeats (ITR) of about 100 base pairs wirn the exact length 
depending on the serotype. The viral origins of replication 
are located within the ITRs exactly at tne genome ends . DNA 
synthesis occurs in two stages. Firsr. tne replication 

50 proceeds by strand displacement, generating a daughter duolex 
molecule and a parental displaced strand. The displaced 
srrand is single stranded and can icrm a so-called 
"panhandle" intermediate, which allows replication initiation 
and generation of a daughter duplex molecule. Alternatively, 

3 5 replicaticn may proceed from both ends or the genome 
sim.ultaneously , obviating the requirement to form the 
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panhandle structure. The replication is surjr.arized m 
Figure 14 adapted frcm (Lechner and Kellv, 19"- ^ 

During the productive infection cycle, tne viral 
genes are expressed m two phases: the early p.-.ase. which 
5 is the period upto viral DNA replication, and tne late 
phase, which coincides with the initiation of viral DNA 
replication. During the early phase only the early gene 
products, encoded by regions El, E2, E3 and , are 
expressed, which carry out a number of functions that 
10 prepare the cell for synthesis of viral structural 

proteins (Berk, 1986). During the late phase tne late 
viral gene products are expressed in addition to the earlv 
gene products and host cell DNA and protein s-.-nthesis are' 
shut off. Consequently, the cell becomes dedicated to the 
1^ production of viral DNA and of viral structural oroteins 
(Tooze, 1981 ) . 

The El region of adenovirus is the first region of 
adenovirus expressed after infection of the target cell 
This region consists of two transcriptional units, the ElA 
20 and ElB genes, which both are required for oncogenic 

transformation of primary (embryonal) rodent cultures. The 
main functions of the ElA gene products are: 
i) to induce quiescent cells to enter the cell cvcle and 
resume cellular DNA synthesis, and 

li) to transcriptionally activate the ElB aene and the 
other early regions (E2, E3 , E4 ) . Transfection of primarv 
ceils with the ElA gene alone can induce unlir.ited 
proliferation (immortalization), but does not result in 
complete transformation. However, expression cf ElA in 
most cases results in induction of programmed cell death 
(apoptosis), and only occasionally immortalization is 
obtained (Jochemsen et al . , 1987), Co-exoress i on of the 
ElE gene is required to prevent induction of aooptosis and 
for complete morphological transformation to occur In 
established immortal cell Imes, high level exoression of 
ElA can cause complete transformation m the absence of 
ElB (Roberts et al . , 1985). 
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The ElB encoded prcnems assisr ElA red:Lrecr :.r.g 
the cellular funcrions zo allow viral repl:Lcaricn . The ElB 
55 kD and E4 33kD proreins , which fonn a complex that is 
essentially localized m tne nucleus, function m 
5 inhibiting the synthesis of host proteins and in 

facilitating the expression of viral genes. Their mam 
influence is ro establish selective transport of viral 
mRNAs from the nucleus to the cytoplasm, conccmittantl v 
with txhe onset of the late phase of infection. The ElB 21 
10 kD protein is important for correct temporal control of 
the productive infection cycle, thereby preventing 
premature death of the host cell before the virus life 
cycle has been completed . Mutant viruses incapable of 
expressing the ElB 21 kD gene-product exhibit a shor::ened 
15 infection cycle that is accompanied by excessive 

degradation of host cell chromosomal DNA ( deg- phenotype ) 
and in an enhanced cytopathic effect ( cyt-phenotype ) 
(Telling et al . , 1994). The deg and cyt phenotypes are 
suppressed when in addition the ElA gene is mutated, 
20 indicating that these phenotypes are a function of ElA 

(White et al . , 1988). Furthermore, the ElB 21 kDa protein 
slows down the rate by wnich ElA switches on the other 
viral genes. It is not yet known through whicn mechanisms) 
ElB 21 kD quenches these ElA dependent functions. 
-5 Vectors derived from, human adenoviruses , m which at 

least the El region has been deleted and replaced bv a 
gene of interest, have been used extensively for gene 
therapy experiments m the pre-clmical and clinical 
phase . 

30 As stated before all adenovirus vectors currentlv 

used m gene therapy have a deletion m the El region, 
where novel genetic information can be introduced. The El 
deletion renders the recombinant virus replication 
defective ( Stratford- Perricaudet: and Perricaudet, 1991). 

3 5 We have demonstrated thar. recombinant adenoviruses are 

able to efficiently transfer recombinant genes to the rat 
liver and airway epithelium of rhesus monkeys (Bout et 
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ai . , 1994b; Bout en ai., 1994a). In add:Lt:ion, we (Vincent 
et al . , 1996a; Vincent et al . , 1996b) and others (see e.g. 
Haddada et al . , 1993) have observed a very efficient in 
vi\ro adenovirus mediated gene transfer tc a variety of 
5 tumor cells in vizro and to solid tumors in animals models 
(lung tumors, glioma) and human xenografts m 
immunodef icient mice (lung) in vivo (reviewed by Blaese et 
al . , 1995 ) , 

In contrast to for instance retrovi:-uses , 
10 adenoviruses a ) do not integrate into the host cell 

genom.e; b) are able to infect ncn -dividing cells and c) 
are able to efficiently transfer recombinant genes m vivo 
(Brody and Crystal, 1994). Those features make 
adenoviruses attractive candidates for m vivo gene 
15 transfer of. for instance, suicide or cytokine genes into 
tumor cells . 

However, a problem associated with current 
recombinant adenovirus technology is the possibility of 
unwanted generation of replication competent adenovirus 
20 (RCA) during the production of recombinant adenovirus 
(Lochmuller et al . , 1994; Imler et al . , 1996). This is 
caused by homologous recombination between overlapping 
sequences from the recombinant vector and the adenovirus 
constructs present m the complementing cell line, such as 
25 the 293 cells (Graham et al . , 1977), RCA m batcnes to be 
used m clinical trials is unwanted because RCA i; will 
replicate m an uncontrolled fashion; ii) can complement 
replication defective recombinant adenovirus, causing 
uncontrolled multiplication of the recombinant adenovirus 
3C and iii) batches containing RCA induce significant tissue 
damage and hence strong pathological side effects 
(Lochmuller et al . , 1994). Therefore, batches to be used 
in clinical trials snould be proven free of RCA (Ostrove, 
1994). In one aspect of the invention this problem m 
35 virus production is solved in that we have developed 

packaging cells that have no overlapping sequences wirh a 
new basic vector and thus are suited for safe large scale 
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production or recoinbmanr adenoviruses one of the 
additional problems associated with the use o^ re-ornbi 
adenovirus vectors is the host-defence reaction aqai 
treatment wi-h adenovirus . 
= Briefly, recombinant adenoviruses are deleted for the 

El region (see above). The adenovirus El products triage- 
the transcription of the other early genes (E2, E3 , E4^ 
which consequently activate expression of the late virus 
genes. Therefore, it was generally thoucht that El deleted 
vectors would not express any other adenovirus genes 
However, recently it has been demonstrated that some ceU 
types are able to express adenovirus genes in the absence 
or El sequences. This indicates, that some cel^ tvr^es 
possess tne machinery to drive transcription of adenovirus 
genes. In particular, it was demonstrated that such cel^s 
synthesize E2A and late adenovirus proteins. 

In a gene therapy setting, this means that transfer 
of the therapeutic recombinant gene to somatic cel^s not 
only results in expression of the therapeutic protein but 
may also result in the synthesis of viral proteins. Cells 
that express adenoviral proteins are recognized and killed 
by cytotoxic T Lymphocytes, which thus a) eradicates the 
transduced cells and b) causes inflammations (Bout er al 
1994a; Enceihardt et al . , 1993; Simon et al . . 1993,. As 
this adverse reaction is hampering gene theraov, several 
solutions to this problem have been suggested^ such as a) 
using immunosuppressive agents after -.reatment • b) 
retainment of the adenovirus E3 region m the recombinant 
vector (see patent application E? 95202213) and c) and 
using ts mutants of human adenovirus, vnich have a poinr 
mutation m the E2A region (patent WO/28938) 

However, these strategies to circumvent tne immune 
response have their limitations. 

The use of ts mutant recombinant adenovirus 
diminishes tne immune response to some extent, but was 
less effective m preventing pathological responses in the 
lungs fEngelhardt et al . , 1994a). 
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The E2A prorem may induce an immune resoonse bv 
irseif and ir piays a pivorai role m the sv:irch ro rne 
synthesis of lare adenovirus proteins , Therefore , it is 
attractive to maxe recombinant adenoviruses vnich are 
5 mutated m the E2 region, rendering it temperature 

sensitive (ts). as has been claimed m patent application 
WO/28938 . 

A ma:jor drawback of this system is the fact that, 
although the £2 protein is unstable at tiie non-permissive 
10 temperature, the immunogenic protein is still bema 

synthesized. In addition, it is to be expected that the 
unstable protein does activate late gene expression, 
albeit to a low extent. tsl25 mutant recomomant 
adenoviruses have been tesred, and prolonged recombinant 
15 gene expression was reported (Yang et al . , l?94b; 

Engelhardt et al . , 1994a; Engelhardt et al . , 1994b; Yang 
et al., 1995). However, pathology in the lungs of cotton 
rats was still high (Engelhardt et al . , 1994a), indicating 
that the use of ts mutants results in only a partial 
20 improvement in recomJDinant adenovirus techncloav . Others 
(Fang et al , , 1996) did not observe prolonged gene 
expression m mice and dogs using tsl25 recc:;jDinant 
adenovirus. An additional difficulty associated with the 
use of tsl25 mutant adenoviruses is that a nicrh frequencv 
25 of reversion is observed. These revertants are either real 
revertants or the result of second site mutations (Krui^er 
et al., 1983; Nicolas et al . , 1981). Both types of 
revertants have an E2A protein that functions at normal 
temperature and have therefore similar toxicitv as the 
30 wild-type virus , 

In another aspect of the present invention we 
therefore delete E2A coding sequences from tne recombinant 
adenovirus genome and transfect these E2A sequences into 
the (packaging) cell lines containing El sequences to 
3 5 complement recomibinant adenovirus vectors. 
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Ma:or hurdles thxs approach are a) thar E2A should 
be expressed to very high levels and b) that E2A orotein 
IS very toxic to cells . 

The current inven-_ion in yet another asoect tnerefore 
= discloses use of the tsl25 mutant E2A gene, which produces 
a protein that is not able to bind DNA sequences at the 
non permissive temperature. High levels of this prcrem 
may be maintained in the cells (because it is not tox^c at 
this temperature) until the switch to the permissive 
-0 temperature is made. This can be combined with olacing rhe 
mutant E2A gene under the direction of an inducible 
promoter, such as for instance tet, methallothioneir 
steroid inducible promoter, retinoic acid 0-receDt- o^ 
otner inducible systems. However m yet another asoect of 
-o the invention, the use of an inducible promoter to" control 
the moment of production of toxic wild-type E2A is 
disclosed . 

Two salient additional advantages of E2A-deleted 
recombinant adenovirus are the increased capacity to 
harbor heterologous sequences and the permanent selection 
tor cells that express the mutant E2A. This second 
advantage relates to the high frequency of reversion of 
tsl25 mutation: when reversion occurs in a ce' ^ i me 
harboring tsl25 E2A, this will be lethal to tne ceU 
Therefore, there is a permanent selection for those cel^s 
that express the tsl25 mutant E2A protein. In addition, as 
we m one aspect of the invention generate E2A-dele-ed 
recombinant adenovirus, we will not have rhe oroblem of 
reversion m our adenoviruses. 

In yet another aspect of the invenrion as a fu-'he- 
improvement the use of non-human cell Imes as packaging 
cell lines is disclosed. 

For GMP production of clinical batches of recombinant 
viruses it is desirable to use a cell line that has been 
usee widely for production of other biotechnologv 

products. Most of the latter ceU l^neq ^r-^ 

-c-j. i^nes are from monxey 

origin, which have been used to produce e.g. vaccines. 
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These ceils can not: be used d:Lrecrly for rhe produc"i:Lon cf 
recombinant human adenovirus, as human adenovirus can nor 



A block m rhe switcn of early to late phase of adenovirus 
lytic cycle is underlying defective replication. However, 
host range mutations in the human adenovirus genome are 
described (hr400 - 404) which allow replication of human 
viruses in monkey cells. These mutations reside m the 
gene encoding E2A protein (Klessig and Grodzicker, 1979; 
Klessig et al . , 1984; Rice and Klessig, 19 8 5 ) ( Kless ic et 
al . , 1984). Moreover, mutant viruses have been described 
that harbor both the hr and temperature- sens itive t5l25 
phenotype (Brough et al . , 1985; Rice and Klessig, 1985). 

We therefore generane packaging cell lines of monkey 
origin (e.g. VERO , CVl ) rhat harbor: 

a. El sequences, to allow replication of E1/E2 defective 
adenoviruses , and 

b. E2A sequences, containing the hr mutation and the ts 
125 mutation, named ts400 (Brough et al . , 1985; Rice 
and Klessig, 1985) to prevent cell death by E2A 
overexpression , and/or 

c. E2A sequences, ]ust containing the hr mutancn , under 
the control of an inducible prom^oter , and/or 

d. E2A sequences, containing the hr mutation and tne ts 
125 mutation (ts400), under the control of an inducible 
promoter 

Furthermore we disclose the construction of novel and 
improved comhmations of (novel and improved) packaging 
cell lines and (novel and improved) recombinanr adenovirus 
vectors . We provide : 

1. a novel pacxaging cell line derived from, diploid human 
emJDryonic retmoblasts (HER; that harbors nt . 80 - 
5788 of the Ad5 genome . This cell line, named 911, 
deposited under no 950621C1 at the ECACC, nas many 
characteristics that make it superior to the coTjnonly 
used 293 cells (Fallaux et al . , 1996). 



or only to low levels re^ 



plicate m cells of monkey crigm . 
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2. novel packaging cell Ixnes T:liat. express just: ElA genes 
and ncz ElB genes . 

Estiabiished ceil lines (and net: h'ainan diploid cells of 
which Z?3 and 911 ceils are derivec ' are able ro 
5 express ElA to high levels withour ■mdergoing 

apoptoric cell death, as occurs m .I'lman diploid cells 
that express ElA in the absence ci ElB. 
Sucn cell lines are able to trans - ccrr.pleraent ElB- 
def ective recombinant adenoviruses , because viruses 

IC mutated for ElB 21 kD protein are acle to complete 

viral replication even faster than vild-type 
adenoviruses (Telling et al . , 1994). The constructs 
are described m detail below, and graphically 
represented m Figures 1-5. The ccns^^ructs are 

15 Tiransf ecued into the different established cell lines 

and are selected for high expression cf ElA. This is 
done by operatively linking a selectable marker gene 
(e.g. NEC gene) directly to tne ElB promoter. The ElB 
promoter is transcr ipmonally activated by the ElA 

20 gene product and therefore resistance to the selective 

agent (e.g. G41B m the case NEO is used as the 
selection marker) results m direct selection for 
desired expression of the ElA gene 
3 Packaging constructs that are mutated or delered for 

25 ElB 21 xD, but just express the 55 kZ protein. 

4 . Packaging constructs to be used for generation of 

complementing packaging cell lines from diploid cells 
(not exclusively of human origin) vi-chout the need of 
selection with marker genes . These cells are 

3 0 imm.orralized by expression of ElA. However, m this 

particular case expression of ElB is essential to 
prevent apoptosis induced by ElA protiems . 
Selection of El expressing cells is achieved by 
selection for focus formation ; immcrzalization ) , as 

35 described for 293 ceils (Graham en al . , 1977) and 911 

cells (Fallaux et al , 1996), that are El - trans formed 
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human embryonic Kidney (HEK) cells anc r._jr.an embryonic 
rermoblasts (HER) , respecriveiy . 

After transf ection of HER cells virh ccns^rucr pIG.ElB 
(Fig. 4), seven independent cell lines cculd be 
established - These cell lines were desicnared PER . CI , 
PER.C3, PER.C4, PER.C5, PER.C6, PER.C8 ar.i PER.C9. PER 
denotes PGK- El - Retmoblasts . These cell lines express 
ElA and ElB proteins, are stable (e.g. FZR.C6 for more 
than 57 passages) and complement El defective 
adenovirus vectors . Yields of recombinant adenovirus 
obtained on PER cells are a i ittle higher than 
obtained on 293 cells. One of these cell lines 
;PER.C6) has been deposited at tne ECACl under number 
96022940 . 

New adenovirus vectors with extended El deletions 
(deletion nt . 459 - 3510). Those viral "ectors lack 
sequences homologous to El sequences m said packaging 
cell lines . These adenoviral vectors contain pIX 
promoter sequences and the pIX gene, as pIX (from its 
natural promoter sequences) can only b expressed from 
the vector and not by packaging cells (Matsui et ai , 
1986, Hoeben and Fallaux, pers.corrm.; iT.^er et al . , 
1996 ) . 

E2A expressing packaging cell lines preferably based 
on either ElA expressing establisned cell lines or ElA 
- ElB expressing diploid cells (see under 2 - 4) . £2A 
expression is either under the control cf an inducible 
promoter or the E2A tsl25 mutant is dri"en by either 
an inducible or a constitutive promoter . 
Recombinant adenovirus vectors as descrioed before 
(see 6; but carrying an additional deletion of E2A 
sequences . 

-Adenovirus packaging cells from monkey crigm that are 
able to trans - complement El -defective recombinant 
adenoviruses. They are preferably co - trans fected with 
pIG.ElAElB and pIG.NEC. and selected for NEO 
resistance . Such cells expressing ElA and ElB are able 
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uo rranscompiement El defective recoMinanr human 
adenoviruses, but will do so mef t icienrly because of 
a block of the synthesxs of late adenovirus crorems 
in cells of monkey origin (Klessig and GrodzicKer. 
^ 1979) . To overcome this problem, we generate 

recoiRbmant adenoviruses that harbor a host-ranae 
mutation m the E2A gene, allowing human adenoviruses 
to replicate in monkey cells . Sucn viruses are 
generated as described in Figure 12,- except DNA from a 
hr-mutant is used for homologous recombination. 
Adenovirus packaging cells from monkev origin as 
described under 9, except that they will also be 
CO- transf ected with H:2A sequences harboring the nr 
mutation. This allows replication of human 
adenoviruses lacking El and E2A (see under 8). E2A m 
these ceil lines is either under the control of an 
inducible promoter or the tsE2A mutant is used. In the 
latter case, the E2A gene will thus carry both tne ts 
mutation and the hr mutation (derived from. ts400). 
Replication competent human adenoviruses have been 
described that harbor both mutations (Brough et a^ . , 
19S5; Rice and Klessig, 1985;. 

A further aspect of the invention provides otherv;ise 
improved adenovirus vectors, as well as novel strategies 
lor generation and application of such vectors and a 
method for tne intracellular amplification of linear DNA 
fragments in mammalian cells . 

The so-called "m.mim.al" adenovirus vectors according 
to the present invention retain at least a portion of the 
viral genome that is required for encaps idation of tne 
genome into virus particles (the encapsidation signal;, as 
well as at least one copy of at least a functional part or 
a derivative of the Inverted Terminal Repeat ;ITR). that 
IS DNA sequences derived from the termini of tne linear 
adenovirus genome. The vectors according to the present 
invention will also contain a transgene linked to a 
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promoter sequence to govern expression of the transgene . 
Pacxaging of the so-called mininal adenovirus vector can 
be achieved by co- infection virh a helper virus or, 
alternatively, with a packaging deficient replicatma 
5 helper system as described below. 

Adenovirus -derived DNA fragments that can replicate 
in suitable cell lines and that xay serve as a packaging 
deficient replicating helper system are generated as 
follows. These DNA fragments retain at least a portion of 
10 the transcribed region of the "late" transcription unit o 
the adenovirus genome and carry deletions m at least a 
portion of the El region and deletions m at least a 
portion of the encaps idation signal. In addition, these 
DNA fragments contain at least one copy of an inverted 
15 terminal repeat (ITR). At one terminus of the transfected 
DNA molecule an ITR is located. The otner end may contain 
an ITR, or alternatively, a DNA sequence that is 
complementary to a portion of the same strand of the DNA 
molecule other than the ITR. If, m the latter case, the 
20 two complementary sequences anneal, the free 3 ' -hydroxvl 
group of the 3 ' terminal nucleotide of the hairpin- 
structure can serve as a primer for DNA synthesis by 
cellular and/or adenovirus - encoded DNA pcl\TT\erases , 
resulting m conversion into a double - stranded form of at 
25 leasr a portion of the DNA molecule. Furtner replication 
initiating at the ITR will result m a linear double- 
stranded DNA molecule, that is flanked by two ITR ' s , and 
is larger than the original transfected DNA molecule (see 
Fig. 13). This molecule can replicate itself m the 
30 transfected cell ny virtue of the adenovirus proteins 
encoded by the DNA molecule and the adenoviral and 
cellular proteins encoded by genes m the host-cell 
genome. This DNA molecule can not be encapsidated due to 
Its large size (greater than 39000 base pairs) cr due to 
35 the absence of a functional encapsidation signal. This DNA 
molecule is intended to serve as a helper for the 
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production cf defective adenovirus vectors m suitable 
cell lines , 

The invention also comprises a met nod for the 
amplification of linear DNA fragments cf variable size ^n 
5 suitable mammalian cells. These DNA fragments contain at 
least one copy of the ITR at one cf the term.ini of the 
fragment. The other end may contain an ITR, or 
alternatively, a DNA sequence that is complementary to a 
portion of tne same strand of the DNA molecule other than 
10 the ITR. If. m the latter case, the two complementary 
sequences anneal, the free 3'-hydroxyl group of the 
3' terminal nucleotide of the hairpm - structure can serve 
as a primer for DNA synthesis by cellular and/or 
adenovirus -encoded DNA polymerases, resulting m 
15 conversion cf the displaced stand intc a double stranded 
form of at least a portion of the DNA molecule. Further 
replication initiating at the ITR will result m a linear 
double-stranded DNA molecule, that is flanked bv two 
ITR's, wnich is larger tnan the original trans fected DNA 
20 molecule. A DNA molecule that contains ITR sequences at 
both ends can replicate itself m transfected cells by 
virtue of the presence of at least the adenovirus E2 
proteins ("iz. the DNA-bmding protein :DB?), zhe 
adenovirus DNA polymerase (Ad-pol;, anc the preterminal 
25 protein (pT?;. The required proteins may be expressed from 
adenovirus genes on the DNA molecule i-self, from 
adenovirus £2 genes integrated m the nost-cell genome, or 
from a replicating helper fragment as described above. 

Several groups have shown that the presence of ITR 
30 sequences at the end of DNA molecules are sufficient to 

generate adenovirus minichromosomes that can replicate, if 
the adenovirus -proteins required for replication are 
provided m trans e.g. by infection wi-n a helpervirus ( Hu 
et al.. 1992 ); (Wang and Pearson, 1985;': (Hay et al . , 
35 1984 ). Hu et al . . (1992 ) obser\^ed the presence and 

replication of symmetrical adenovirus r.inichrom.osome - 
dimers after transfection of plasmids containing a single 
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ITR. Tne auTihors were able to demonsrratie rr.a- tnese 
dimeric mmicnror.osomes arize afrer ta^l-tc--ail ligation 
of the single ITH DNA molecules. In DNA exrracted from 
defective adenovirus type 2 particles, diineric molecules 
5 of various sizes nave also been observed usir.:r electron - 
microscopy CDaniell, 1976). It was suggested mat the 
mccm.plete genomes were formed ov illegitimaia 
recomlDination between different molecules anc that 
variations m the position of the sequence ai which the 
10 illegitimate base pairing occurred were rescr.sible for the 
heterogeneous nature of the incomplete gencm.es . Based on 
this mechanism iz was speculated that, m thecrv, 
defective m.olecules wirh ,a total length of up two times 
the normal genome could be genera-ced . Such mc.ecules could 
Id conzam duplicated sequences from eirher enc rf the 

gencm.e. However, no DNA molecules larger than the full- 
length virus were found packaged m the defective 
particles (Daniell, 1976). This can be explained by the 
size-limitations that apply to the packaging. In addition, 
20 It was observed that in the virus particles 1::a -m.olecules 
witn a duplicated left-end predominated over those 
containing the right-end term.mus {Darnell, 1576). This is 
fully explained by the presence of the encaps idation 
signal near that left-end of the genome ;Grab_e and 
25 Hearing, 1990; Grable and Hearing, 1992; Hearing et a^ . , 
198"; . 

The ma^or problems associated with the current 
adenovirus -derived vectors are: 

A) The strong immunogenici ty of the *.-irus oarticle 

3) The expression cf adenovirus genes tnat reside 
m me adenoviral vectors, resulting m a C-,^ictoxic T-cell 
response against the transduced cells. 

C) The low amount cf heterologous secuences that 
can oe accomjnodated in the current vectors ( L'o to 
35 m.aximally approx. 8000 bp. of heterologous DNA . 
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Ad A) Tne srrong i.Tjnunogeniciry of the adeno'v-irus 
P^^-icle results m an irjTiu no logical response of the nost, 
even after a single admm-S tration cf the adenoviral 
vector. As a result of tne development of neutralizing 
5 antibodies, a subsequenr adrrLinistration of the virus will 
be less effective or even completely ineffective. However, 
a prolonged or persistenr expression of tne transferred 
genes will reduce the nuiuDer of adn^.inistrations recruired 
and may bypass the problem. 

-0 Ad B) Experiments performed by Wilson and 

collaborators have demonstrated that afrer adenovirus - 
mediated gene transfer inro immunocompetent animals, the 
expression of the transgene gradually decreases and 
disappears approximately 2-4 weeks post - infection :'Yang 

15 et al., 1994a; Yang et al. , , 1994b}. This is caused by the 
development of a Cytotoxic T-Cell (CTL) response acamst 
the transduced cells . The CTLs were directed against 
adenovirus proteins expressed by the viral vectors. In the 
transduced cells synthesis cf the adenovirus DNA-bmding 

20 protein (the E2A-gene product), pentcn and fiber proteins 
(late-gene products) could be establisned. These 
adeno\'irus proteins, encoded by the viral vector, were 
expressed despite deletion of the El region. This 
demionstrates that deletion of the El recrion is not 

15 sufficient ro completely prevent expression of tne viral 
genes (Engelhardt et al . , 1994a). 

Ad C) Studies by Graham and collaborators have 
aemonstrated that adenoviruses are capable of 
encapsidatmg DNA of up to 105% of the normal genom^e size 
^Bett et al . , 1995 ). Larger genom.es rend to be instable 
resulting m loss of DNA sequences during propauation of 
the virus. Combining deletions m the El and E3 reaions of 
tne virual genomes increases the xaximmum size of tne 
foreign that can be encapsidated zo approx . 3.3 kb . In 

35 addition, some sequences of the E4 region appear to be 

dispensable for virus growrh (adding another l.S kb to the 
maximum encaps idation capacity). Also tHe E2A region can 
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be defaced from the vecrcr, wnen the E2A gene product is 
provided m trans m the encaps idation cell line, adding 
another 1 . 6 kb . It is, however, unlikely that the maximum 
capacity of foreign DNA can be significantly increased 
5 further than 12 kb . 

We developed a new strategy for the generation and 
production of helperf ree - stocKs of recombinant adenovirus 
vectors that can accomodate up to 3 8 kb of foreign DNA. 
Only two functional ITR sequences, and sequences that can 
10 function as an encapsidation signal need to be part of the 
vector genome. Such vectors are called minimal 
adenovectors . The helper functions for the minimal 
adenovectors are provided in trans by encapsidation 
defective-replication competent DNA molecules that contain 
15 all tne viral genes encoding the required gene products, 
with the exception of those genes that are present m the 
host-ceil genome, or genes that reside in the vector 
genome . 

The applications of the disclosed inventions are 
20 outlined below and will be illustrated m the experimental 
part, which IS only intended for said purpose, and should 
not be used to reduce the scope of the present invention 
as understood by the person skilled in the art. 

25 Use of the IG packaging constructs Diploid cells. 

The constructs, in particular pIG.ElA.ElB, will be 
used to transfect diploid human cells, such as Human 
Embryonic Retmoblasts (HER), Human Embryonic Kidney cells 
(HEK;, and Human Embryonic Lung cells (HEL). Transfected 
cells will be selected for transformed phenotype (focus 
formation) and tested for their ability to support 
propagation of El-deleted recomiDinant adenovirus, such 
as IG. Ad.MLPI .TK. Such cell lines will be used for the 
generation and (large-scale) production of El-deleted 
recombinant adenoviruses. Such cells, infected with 
recombinant adenovirus are also intended to be used 



30 
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in VIVO as a local producer of reconihinar.r acenovirus, 
e.g. for the treatmenr of solid tumors, 

911 cells are used for the titraricr. , generatiLon and 
production cf recombinant adenovirus vectors :Fallaux et 
5 al . , 1996 ) , 

HER cells transfected with pIG.ElA.ZlB has resulted 
m 7 independent clones (called PER cells). These clones 
are used f cr the production of El deleted ; including non - 
overlapping adenovirus vectors) cr El defective 

10 recombinant adenovirus vectors and provide the basis for 

introduction of e.g. E2B or E2A constructs (e.c. tsl25E2A, 
see below), E4 etc., that will allow propagation of 
adenovirus vectors that have mutations m e.g. E2A or E4 . 
In addition, diploid cells of otner species that are 

15 permissive for human adenovirus, such zhe cotton rat 

(Sigmodon nispidus) (Pacini er al . , 1984), Syrian hamster 
(Morin et al . , 1987) or chimpanzee ( Levrero et al . , 19 91), 
will be immortalized with these constructs. Sucn cells, 
infected wi-^ recomlDinant adenovirus , are also intended to 

20 be used m vivo for the local production of recombinant 
adenovirus, e.g. for the treatment of solid tumors. 

Established cells . 

25 The constructs, in particular pIG.ZlA.NEC. can oe 

used to transfect established cells, e.g. A54 9 (human 
bronchial carcinoma), KB (oral carcinoma), MRC - 5 (human 
diploid lung cell line) or GLC cell lines (small cell lung 
cancer) ;de Leij et al . , 1985; Postm.us et al . . 1988) and 

30 selected for NEO resistance. Individual colonies of 

resistant cells are isolated and tested for tneir capacitv 
to support propagation of El -deleted recomDinant 
adenovirus, such as IG . Ad . MLPI . TK . When propagation of El 
deleted viruses on ElA containing cells is possible, such 

35 cells can be used for the generation anc production of 

El-deleted recomJDinant adenovirus. They are also be used 
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for the propagation of ElA deleted/ElE retained 
recon:ibinant adenovirus . 

Established cells can also be co- transrected with 
PIG.EIA.EIB and pIG.NEO (or another NEC contamina 
5 expression vector;. Clones resistant to G4ie are tested 
for their ability to support propagation of l_ deleted 
recombinant adenovirus, such as IG , Ad . MLPI . r:-: and used fo 
the generation and production of El deleted recon;binant 
adenovirus and will be applied in vivo for local 
production of recombinant virus, as describee for the 
diploid ceils (see above) . 

All cell lines, including transformed diploid cell 
lines or NEO-resistant established lines, car. be used as 
the oasis for the generation of 'next generation' 
15 packaging cells lines, that support propagation of 

El-defective recombinant adenoviruses, that ilso carrv 
deletions in other genes, such as E2A and E4 . Moreover, 
they will provide the basis for the generation of minimal 
adenovirus vectors as disclosed herein. 
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expressing cell lines 



Packaging cells expressing E2A sequences are and will 
be used for the generation and (large scale; production of 
25 E2A-deleted recombinant adenovirus. 

The newly generated human adenovirus packaging cell 
lines or cell lines derived from species perr.issive for 
human adenovirus (E2A or tsl25E2A; ElA - E2A. ElA -r ElB - 
E2A; ElA - E2A/tsl25; ElA - ElB - E2A/tsl2 5) or non- 
permissive cell Imes such as monkey cells (hrE2A or hr - 
tsl25E2A; ElA - hrE2A ; ElA - ElB - hrE2A; ElA - 
hrE2A/tsl25; ElA - ElB - hrE2A/tsl25, are and will be used 
for tr.e generation and (large scale) production of E2A 
deleted recombinant adenovirus vectors, in addition, they 
will be applied In vivo for local production of 
reccrr^mant virus, as described for tne diploid cells (see 
above ;■ . 



wo 97/00326 

20 PCT/NL96/00244 



10 



Novel adenovirus vectors. 



The newly developed adenovirus vectors narbo^-i-" 
El deletion of nz . 459- 351C vill be used f or "aene' 7-= rs ^er 
purposes. These vectors are also the basis fcr the 
development of further deleted adenovirus vectors a-e 
mutated for e.g. E2A, E23 or E4 . Such vectors "-iir-r 
generated e.g. on the newly developed packaging ceirimes 
described above (see 1-3; 

Minimal adenovirus packaging system 

We disclose adenovirus packaging constructs :zo ce 
used for the packaging of miniinal adenovirus •.-ectcrs" mav 
have zne following cnaracteristics : 
a. the packaging construct replicates 

the packaging construct can not be packaged because 
the packaging signal is deleted 

c. the packaging construct contains an internal --^p^n- 
rorming sequence (see section 'Experimental,- sugges-ed 
hairpin' see F±q . 15) 

a. because of the internal hairpm structure, the 

packaging construct is duplicated, that is the DNA 
of the packaging construct becomes tvics as Icna as 
It was before trans fection into the pac.<agina cell 

our sample it duplicates from 35 kfc to 70 ;<o ) 
This duplication also prevents packagmc. Note that 
this duplicated DNA molecule has ITR ' s at botn 
termini (see e.g. Fig. 13) 

e. this driT^:-i^,.^„^ 

-i uciC-^aging molecule is able tc 

replicate like a 'normal adenovirus' DNA molecule 

the duplication of the genome is a prerequisite -"or 

the production of sufficient levels of adenovirus ^ 

proteins, required to package the minimal adenovirus 



vecror 
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the packaging consrruct has no overlappina sequences 
wirh the rPtininal vector or cellular sequences that 
may lead to generarrcn of RCA by horr.oloaous 



recombr nation . 



5 



This packaging system will be used to produce minimal 
adenovirus vectors . The advantages of minimal adenovirus 
vectors e.g. for gene therapy of vaccination purposes , are 
well known (accommodation of up to 3 8 kb,; gutting of all 
IC potentially toxic and immunogenic adenovirus genes ) . 

Adenovirus vectors containing muta-cions m essential 
genes ( including minimal adenovirus vectors ) can also be 
propagated using rhis system.. 

15 Use of intracellular E2 expressing vectors. 

Minimal adenovirus vectors are generated using the 
helper functions provided in trans by packaging -deficient 
replicating helper molecules. The adenovirus - derived ITR 

20 sequences serve as origins of DNA replication m the 

presence of at leas-L the E2-gene products. When the E2 
gene products are expressed from genes m the vector 
genome (K.B. tne gene ( s ) must be driven by an El- 
independent promoter), the vector genome can reolicare in 

25 the target cells. This will allow an significantly 

increased numjoer of template molecules m tne target 
cells, and, as a result an increased expression of the 
genes of interest encoded by the vector. This is of 
P^xticular interest for approacnes of gene therapv m 

3C cancer. 

Applications of intracellular amplification of 
linear DNA fragments . 



35 



A sim^ilar approach could also be taken if 
amplification of linear DNA fragments is desired. DNA 
fragments of known or unknown sequence could be am.pl if led 
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m ceils conraming zhe E2-gene produces if at leasr one 
ITR sequence is located near or ar its zerminus . There are 
no apparent constraints on the size of the fragment. Even 
fragments much larger than the adenovirus genome (36 kb ) 
5 should be amplified using this approacr. . ■ 1 1 is thus 
possible to clone large fragments m mammalian cells 
without either shuttling the fragment into bacteria ( such 
as E.coli) cr use the polymerase chain reaction (P.C.R.)- 
At the end stage of an productive adenovirus infection a 
10 single cell can contain over 100,000 copies of the viral 

genome. In the optimal situation, the linear DNA fragments 
can be amplified to similar levels. Thus, one should be 
able to extract more than 5 ^.g of DNA fragment per 10 
million cells (for a 35-kbp fragment). This svstem can be 
Ir used to express heterologous proteins equivalent to the 

Simian Virus 40-based COS-cell system; for research or for 
therapeutic purposes. In addition, the system, can be used 
to identify genes in large fragments cf DNA. Random DNA 
fragments may be amplified (after addition of ITRs ) and 
20 expressed during intracellular amplification. Election 

or, selection of those cells with the desired phenotype can 
be used to enrich the fragment of interest and to isolate 
the gene . 

25 £:xp7:t^t>tt:nt?^t- 

Generation of cell lines able to trans complement El 
defective recombinant adenovirus vectors . 

1 . 911 cell line 
30 We have generated a cell line that harDcrs El 

sequences cf adenovirus type 5, able zz trans - complement 
El deleted recombinant adenovirus (Fallaux et al . , 1996). 

This cell line was obtained by transfection of human 
diploid human embryonic retinoblasts (HER) with pAdSXhoIC, 
35 that contains nt . 80 - 5788 of Ad5 ; one of the resulting 
transf ormants was designated 911. This cell line has been 
shown to be very useful in the propagation of El defective 
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recombinant adencv::rus . It was found ^o be superior to the 
293 ceils. Unlike 293 cells, 911 cells lacK a fully 
transformed phenotype , which most likely is tne cause of 
performing better as adenovirus packaging line: 
5 plaque assays can be performed faster ; -; - 5 davs 

instead of 8-14 cays on 293) 

monolayers of 911 cells survive better .incer aaar 
overlay as required for plaque assays 

higher amplification of El-deleted vectcrs 

10 

In addition, unlike 293 cells that were transfected 
with sheared adenoviral DNA , 911 cells were transfected 
using a defined construct. Transfection efficiencies of 
911 cells are ccmparable to those of 293. 

15 

New packaging constructs. 
Source of adenovirus sequences . 

Adenovirus sequences are derived either from 
20 pAdS.SalB, containing nt . 8 0 - 94 6 0 of human adenovirus 

type 5 (Bernards et al . , 1983) or from wild-type Ad5 DNA . 

pAd5 . SaiB was digested with Sail and Xhcl and the 
large fragment was religated and this new cicne was named 
pAd5 . X/S . 

25 The pTN construct (constructed by Dr. ?, . Voaels , 

IntroGene, The Netherlands) was used as a source for the 
human PGK prom.oter and the NEC gene. 

Human PGK promoter and NEO^ gene. 

30 

Transcription of ElA sequences m the new packaging 
constructs is driven by the human PGK promoter (Micheison 
et al . , 1983; Smger-Sam et al., 1984), derived from 
plasmiid pTN (gift of R. Vogels ) , which uses pUC119 (Vieira 
35 and Messing, 1987) as a backbone. This plasmid was also 
used as a source for NEO gene fused to the Henatitis 3 
Virus (HBV) poiy-adenylation signal. 
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Fusion of PGK promoter tio El genes (Fig. i) 

In order rc replace the SI sequences of Ad5 (ITR, 
or:Lgxn of repijLcaticn and packaging signal; bv 
3 heterologous sequences we have amplified El sequences 

^ nr. 459 zo nt. 960) of Ad5 oy PGR, using primers and 
Ea2 (see Table I;. The resulting PGR product vas uigesned 
with Glal and ligated into Bluescript ( Strataaene ; , 
predigesred wirh Glal and EcoRV, resulting m construct 
IC pBS.PCRI. 

Vector pTN was digested with restriction enzvmes 
EcoRI (partially) and Seal, and the DNA fragment 
containing the PGK promoter sGou&nces was liciared into 
PES . PGRI digested wii:h Seal and EcoRl . The resulting 
15 construct P3S.PGK.PCRI contains tne numan PGK promoter 

operamvely linked to Ad5 El sequences from nt:.459 to nr. 
916 . 



20 



Construction of p IG . ElA . ElB , X (Fig. 2) 



pIG . ElA , ElB . X was made by replacing the ScaI-3spEI 
fragment of pAT-X/S by the corresponding fragment from 
PBS.PGK.PCRI (containing the PGK promoter linked to ElA 
SBouences ) . 

2- pIG . ElA . ElB . X contains tne ElA and ElB coding 

sequences under the direction of the PGK promoter. 

As Ad5 sequences from^ nt.459 to nt . 5788 are present 
m this construct, also pIX protein of adenovirus is 
encoded by this plasm.id . 

30 

Construction of pIG.ElA.NEO (Fig. 3) 

In order to introduce the complete ElB promoter and 
to fuse this promoter m such a way that the AUG codon of 
J 5 ElB 21 kD exactly functions as the AUG codon of NEO^ , we 
amplified the ElB promoter using primers Ea3 and Ep2, 
wnere primer Ep2 introduces an Ncol site m tne PGR 
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fragmenr. The resulting PCR fragment, named ?CRi: 
digested with Hpal and NccI and -gated into pAT-X/s" 
which was predigested with Hpal and wirh Ncol' The 
resulting plasmid was designated pAT - X/S - PCR2 . The Nco' 
Stul fragment of pTN , containing the NEO gene and par^o' 
the Hepatitis B Virus (HBV) pcly-adenylation sianal, was 
cloned into pAT-X/S-PCR2 (digested with Ncol and Nrul ; . 
The resulting construct: pAT-PCR2-NE0 . The polv- 
adenylation signal was completed by replacing the Scal- 
Sall fragment of pAT-PCR2-NE0 by the corresponding 
fragment of pTN (resulting m pAT . PCR2 . NEO . d ( A ) ; . The Sea 
- Xbal of PAT.PCR2.NE0.P (A) was replaced bv the 
corresponding fragment cf pIG . ElA . ElB-X , contaminq the 
PGK promoter linked to ElA genes . 

The resulting construct was named pIG.ElA.NEC 
thus contains Ad5 El sequences (nt.4 59 to nt 1713) 
the control of the human PGK promoter. 



, and 
under 



Construction of pIG.EIA.ElB (Fig 



4) 



PIG.EIA.ElB was made by amplifying the seouences 
encoding the N-termmal ammo acids of ElB 55kd using 
primers Ebl and Eb2 (introduces a Xhol site) The 
resulting PCR fracment was digested with Bali: and clone^ 
into Bglll/Nrul of pAT-X/S, thereby obtaining pAT-PCR3 . 

PIG.EIA.ElB was constructed by introducing the HBV 
poly(A) sequences of pIG.ElA.NEO downstream o- ElB 
sequences of pAT-PCR3 by exchange of Xbal - Sail fragmenr 
or pig. ElA. NEO and tne Xbal Xhol fragmenr of pAT . PCR3 . 

PIG.E1A.E13 contains nt . 4 59 to nt . 3 510 cf Ad5. that 

encode the ElA and ElB Drotpin=; = ^ 

p.LUT.ein^. .ne E_B sequences are 

terminated at the splice acceptor at nt.3511. No pix 
sequences are present m this construct. 
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Construction of pIG.NEO (Fig. 5) 

pIG . NEC was generated by cionjLnc me Hpal - Seal 
fragmenr of pIG.ElA.NEC, ccnta:Lning ^ne NEC gene '^nder the 
5 control cf the Ad . 5 ElB promorer, into p3S digested witn 
EcoRV and Seal . 

This construct is of use when established cells are 
transfected witn EIA.EIB constructs and NEC selection is 
required. Because NEC expression is directed by the ElB 
10 promoter, NEC resistant cells are expected to co-express 
ElA, whicn also is advantageous for maintaining high 
levels cf expression of ElA during lonc-terr. culture of 
the cells . 

15 Testing of constructs. 

The integrity of the constructs pIG.ElA.NEO, 
pIG . ElA . ElB , X and pIG.ElA.ElB was assessed by restriction 
enzyme mapping; furthermore, parts cf the constructs tnat 
2 0 were obtained by PGR analysis were confirmed bv secuence 
analysis . No cnanges m the nucleotiae sequence were 
found . 

The constructs were transfected into primary BRK 
(Baby Rat Kidney) cells and tested for their aoilitv to 
25 immortalize ( pIG . ElA . NEC } or fully transform 

(pAdS.XhoICpIG.ElA.ElB.X and pIG.ElA.E13) tnese cells. 

Kidneys of 6 -day old WAG-Rij rats were isolated, 
homogenized and trypsinized. Subconfluent dishes (diameter 
5 cm) of the BRK cell cultures were transfected with 1 or 
30 5 ug of pIG.NEO, pIG.ElA.NEO, pIG.ElA.E13. pIG . ElA . ElB . X , 
pAdSXhoIC, or with pIG.ElA.NEO together with PDC26 
(Van der Elsen et al . , 1983), carrying the Ad5 . ElB gene 
under control of the SV4 0 early promoter. Three weeks 
post- transf ection , when foci were visible, the dishes were 
35 fixed, Giemsa stained and the foci counted. 

An overview of the generated adeno\-irus packaging 
constructs, and their ability to transform BRK, is 
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presenred in Fig. 6. The results mdicare --at the 
consnructs pIG.ElA.E13 and pIG . ElA . ElB . X are able to 
transform BRK cells in a dose - dependent manner. The 
effic:iency of transformation is similar for Dcth 
5 constructs and is comparable to what was found wirh the 
construct that was used to make 911 cells, namelv 
pAd5 .XhoIC. 

As expected. pIG.ElA.NEO was nardly ac^e to 
immortalize BRK. However, co - trans fection of an ElB 
expression construct (PDC26) did result in a significant 
increase of the number of trans formants (IS versus 1), 
indicating that ElA encoded by pIG.ElA.NEC -S functional. 

We conclude therefore, that tne newlv aenerated 
packaging constructs are suited for zhe generation of new 
adenovirus packaging lines . 

Generation of ceil lines with new packaging 
constructs Cell lines and cell culture 

Human A54 9 bronchial carcinoma cells ; Shaoiro et al . , 
1978), human embryonic retinoblasrs (HER), A.d5-El- 
transror-med human embryonic kidney ( HEK ) cells (29 3; 
Graham et al . , 1977) cells and Adr - rrans f crmed HER cells 
(911; Fallaux et al, 1996)) and PER cells were grown in 
Dulbecco's Modified Eagle Medium ( DMEH ) supplemented with 
10% Fe-al Calf Serum ( FCS ) and antibiotics m a 5% C02 
atmospnere at 37°C. Cell culture media, reagenns and sera 
were purcnased from Gibco Laboratories (Grand Island, NY). 
Culture plastics were purchased from Gremer (Niirtingen, 
Germiany) and Corning (Corning, NY). 

Viruses and virus techniques 

Ihe construction of adenoviral vectors 
IG . Ad .ML? . nls . lacZ , IG . Ad . MLP . luc , IG.Ad.MLP.TK and 
IG.Ad.C!W.TK is described m detail m patent application 
E? 952C2213. 
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(Zantema et al . , 1985). The second antibody was a 
horseradish peroxidase - labeled goat anti -mouse antiboc 
(Promega). Signals were visualized by enhanced 
chemoiuminescence ;Ainersham Corp, UK). 

Southern blot analysis 
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High molecular weight DNA was isolated and 10 Hg was 
digested to completicn and fractionated gn a 0.7% agarose 
gel. southern blot transfer to Hybond ( Amersham . 'uK ) 
was performed with a 0.4 M NAOK, 0.6 M NaCl transfer 
solution (Church and Gilbert, 1984). Hybridization was 
performed with a 24 63-nt Sspl-Hmdlll fragment from 
?Ad5.SalB (Bernards et al . , 1983). This fraament consists 
of Ad5 bp. 342-2805. The fragment was radiolabeled witn 
a-32p-dCTP with the use of random hexanucleotide primers 
and Klenow DNA polymerase. The southern blots were exposed 
zo a Kodak XAR-5 film at -80°C and to a Phospho- Imager 
screen which was analyzed by B&L systems Molecular 
Dynamics software. 



A54 9 



AdS -El -transformed A54 9 human bronchial carcinoma 
cell lines were generated by transfection with pIG.ElA.NEC 
and selection for G418 resistance. Thirty-one G418 
resistant clones were established. Co- transfection of 
PIG.EIA.EIB with pIG.NEO yielded seven G418 resistant cell 
lines . 
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AdS -El -trans formed human embryonic retina (HER) cells 
were generated by transfection of primery HER cells with 
plasmid pIG.ElA.ElB. Transformed cell lines were 
established from well - separated foci. We were able to 
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esrabi:_sn seven clonal cell lines, vnich we called PER. CI, 
PER.C3, FEH.C4. PER.C5. PER.C5, PER.CS and PER.C9. 

One of t:he PER clones, namely PER.C6. has been 
deposired ar the ECACC -ander number 96C22940. 

5 

Expression of Ad5 ElA and ElB genes in transformed 
A549 and PER cells 
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Expression of the Ad5 ElA and tne 55-kDa and 21 kDa 
10 ElB proteins m the established A54 9 and PER cells was 
studied by means of Wesrern blottma , with the use of 
monoclonal anribodies (mAb) . Mab M7 3 recognizes the ElA 
products, vhereas Mabls AIC6 and ClGll are directed 
against tr.e 55-kDa and 21 kDa ElB prcnems , respectively. 

The antibodies did not recognize prctems m extracts 
from the parental A54 9 or the primary HER cells (data not 
shown). None of the A54 9 clones that were generated by 
co-transf ection of pIG.NEO and pIG.ElA.ElB expressed 
detectable levels of ElA or ElB proteins (not shown). Some 
20 of the A5-;9 clones that were generated by transfection 

with pIG.ElA.NEO expressed the Ad5 ElA proteins (Fig. 7), 
but the levels were much lower than -nose detected m 
protein lysates from 293 ceils. The steady state ElA 
levels detected m protein extracts from PER cells were 
25 much higner tnan those detected m extracts from A54 9- 

derived cells. All PER cell lines expressed similar levels 
of ElA proteins (Fig. 7). The expression of the ElB 
proteins, particularly m the case of ElB 55 kDa, was mote 
variable. Compared to 911 and 293. tne maiority of the PER 
clones express high levels of ElB 55 kDa and 21 kDa. The 
steady state level of ElB 21 kDa was the nighest in 
PER.C3. None of the PER clones lost expression of the Ad5 
El genes upon serial passage of the cells (not shown). 
We found tnat the level of El expression m PER cells 
remained staole for at least 100 population doublings. 
We decided to cnaracterize the PER clones m more detail. 
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Southern analysis of PER clone 
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To srudy the arrangement of the Ad5-El encoding 
sequences m the PER clones we performed Scutnern 
analyses. Cellular DNA was extracted from d_l PER clones, 
and from 293 and 911 cells. The DNA was digested with 
Hindlll, which cuts once in the Ad5 El regicr.. Southern 
hybridization on Hindlll -digested DNA, using a 
radiolabeled Ad5 - El -specif ic probe revealed -ne presence 
of several integrated copies of pIG.ElA.E13 m the genome 
of the PER clones. Figure 8 shows the distribution pattern 
of El sequences m the high molecular weignt DNA of the 
different PER cell lines. The copies are concentrated m a 
single band, which suggests that they are ir.-egrated as 
15 tandem repeats. In the case of PER.C3, C5 , 35 and C9 we 

found additional hybridizing bands of low molecular weight 
that indicate the presence of truncated copies of 
PIG.EIA.EIB. The number of copies was determ.med with the 
use of a Phospho- Imager. We estimated that PER. CI, C3 , C4 , 
C5, C5, C8 and C9 contain 2 , 88 , 5 , 4 , 5 , 5 and 3 copies of 
the Ac; El coding region, respectively, and -hat 911 and 
293 cells contain 1 and 4 copies of the Ad5 II sequences, 
respectively . 

25 Transfection efficiency 

Recombinant adenovectors are generated bv co- 
transfection of adaptor plasmids and the larae Clal 
fragment of Ad5 into 293 cells (gee patent application 
EP 95232213). The recombinant virus DNA is formed by 
homologous recomijination between the homologous virll 
sequences that arp n-rp^conr - r, ^-k^^ -i-. — - - ^ 
adenovirus DNA. The efficacy of this method, as well as 
that cf alternative strategies, is highly dependent on the 
transfectability of the helper cells. Therefore, we 
comparec the transfection efficiencies of some of the 
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PER clones with 911 cells, using the E.coli 
0-galactosiciase-encoding lacZ gene as a repomer (Fig. 9). 

Production of recombinant adenovirus 

5 

Yields of recombinant adenovirus obtained after 
inoculation of 293, 911. PER. C3. PER.C5 and PER. Co with 
different adenovirus vectors are presented m Table II. 

The results indicate that the yields obtained on PER 
10 cells are at least as high as those obtained on the 
existing cell lines. 

In addition, the yields of the novel adenovirus 
vector IG.Ad.MLPI.TK are si-ilar or higner man zr.e yields 
obtained for the other viral vectors on all cell lines 
15 tested. 



20 



Generation of new adenovirus vectors ( Fig . 10 ) . 

The used recombinant adenovirus vectors (see patent 
application on EP 95202213) are deleted for Zl sequences 
from 459 to nt . 3328 . 

As construct pElA . ElB contains Ad5 sequences 459 ro 
nt. 3510 there is a sequence overlap of 183 nr. between 
ElB sequences m the packaging construct pIG.ElA.ElB and 
25 recombinant adenoviruses, such as e.g. IG . Ad . MLP . TK . The 

overlapping sequences were deleted from the new adenovirus 
vectors. In addition, non-coding sequences derived from 
lacZ, that are present in the original contracts, were 
deleted as well. This was achieved (see Fig. 10) by PGR 
amplification of the SV4 0 poly(A) sequences from pMLP . TK 
using primers SV40-1 (introduces a BamKI site) and SV40-2 
(introduces a Bglll site). In addition, Ad5 sequences 
present in this construct were amplified from nt 2496 
(Ad5, introduces a Bglll sire) to nt . 2779 (Ad5-2). Both 
PGR fragments were digested with Bglll and were ligated. 
The ligation product was PGR amplified using primers 
SV40-1 and Ad5-2. The PGR product obtained was cut with 
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BamHI and Aflll and was i^gared into pMLP . TK predigested 
with the same enzymes. The resulting construct, named 
PMLPI.TK, contains a deletion m adenovirus El seauences 
from nt 459 to nt. 3510. 



Packaging syst 



em 



10 



20 



25 



30 



35 



The combination of the new packaging construct 
PIG.EIA.EIB and the recombinant adenovirus pMLPI.TK, 
which do not have any sequence overlap, are presented m 
Fig. 11. in this figure, also the original situation is 
presented, where the sequence overlap is indicated. 

The aosence of overlapping sequences between 
PIG.EIA.EIB and PMLPI.TK (Fig. Ha) excludes tne 
possibility of homologous re coiri^i nation between oackagina 
construct and recomDinant virus, and is therefore a 
significant improvement for production of recombinant 
adenovirus as compared to the original situation. 

In Fig. lib the situation is depicted for pIG.ElA NEO 
and IG.Ad.MLPI.TK. pIG.ElA.NEO when transfected into 
established cells, is expected to be sufficient to support 
propagation of El -deleted recombinant adenovirus. This 
combination does not have any sequence overlap, prevent ina 
generation of RCA by homologous recombination. In 
addition, this convenient packaging system allows the 
propagation of recoir^mant adenoviruses that are deleted 
just for ElA sequences and not for ElB sequences. 
Recombinant adenoviruses expressing ElB m the absence of 
ElA are attractive, as the ElB protein, in particular ElB 
19kD, is able to prevent infected human cells from lysis 
by Tumor Necrosis Factor (TNF) (Goodmg et aJ 
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Generation of recombinant adenovirus derived from 
pMLPI . TK . 

Recombinant adenovirus was generated by co- 
transfection of 293 ceils with Sail linearized pMLPI.TK 
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DNA and Cial Ixnearized Ad5 wz DNA . Tne procedure is 
schemarically represented m Pig. 12. 

Outline of the strategy to generate packaging 
5 systems for minimal adenovirus vector 

Name convention of the plasmids used: 
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p piasmid 

I ITR (Adenovirus Inverted Terminal Repeat) 
C Cytomegalovirus (Cm) Enhancer/Promorer Combination 
L Firefly Lucif erase Coding Sequence hachav Potential 
hairpm rhat can be formed after digesLion wirh 
restriction endonuclease Asp718 m irs correct and m the. 
15 reverse orientation, respectively (Fig. 15). 

Eg. pICLhaw is a piasmid that contains the adenovirus 
ITR followed by the CMV-driven luciferase gene and the 
Asp71B hairpin in the reverse ( non - functional ) 
20 orientation. 

^'^ Demonstration of the competence of a synthetic 

DNA sequence, that is capable of forming a hairpm - 
structure, to serve as a primer for reverse strand 
25 synthesis fcr the generation of double-stranded DNA 

molecules in cells that contain and express adenovirus 
genes . 

Plasmids pICLhac, pICLhaw, piCLI and pICL were generated 
using standard techniques. The scnematic representation of 
these plasmids is shown in Figs. 16-19. 

Piasmid pICL is derived from the following plasmids: 
nt.l - 457 pMLPlO ( Levrero et al . , 1991) 
nt.458 - 1218 pCMV(3 (Clontech, EMBL Bank No. U02451) 
nt.l219 - 3016 pMLP.luc ( IntroGene , unpublished) 
nt.3017 - 5620 pBLCAT5 (Stein and Whelan, 1989) 



wo 97/00326 PCT/NL96/00244 

35 

The piasmid has been ccnstrucred as fellows : 



The ret gene of plasmid pMLPlC nas oeen inactivated 
by deletion of the BamHI-Sail fragment, to generate 
5 pMLPlOASB. Using primer set PCR/MLPl and PZR/MLP3 a 21C bp 
fragment containing the Ad5-ITR. fJ^anxed o" a synthetic 
Sail restriction site was amplified -jsmg pMLPlO DNA as 
the template. The PGR product was digested wirh the 
enzymes EcoRI and SgrAI to generate a 196 bp. fragment. 
10 Plasmid p^^LP10AS3 was digested with EcoRI and SgrAI to 

remove tne ITR . Thxs fragment was replaced by the EcoRI - 
SgrAI -treated PGR fragment to generate pMLP/SAL. 
Plasmid pCMV-Luc was digested with PvuU completion and 
recirculated to remove the SV40-derived poly-adenvlation 
15 signal and Ad5 sequences with exception of tne Ad5 

left- terminus . In the resulting plasmid, pCMV-lucAAd, the 
Ad5 ITR was replaced by the Sal - s ite - f lanxed ITR from 
plasmid pI-niP/SAL by exchanging the Xmnl-SacII fragments. 
The resul-mg plasmid, pCMV - lucAAd/SAL , the Ad5 left 
20 terminus and the CMV-driven luciferase gene were isolated 
as an Sall-Smal fragment and mser^ied m the Sail and Hpal 
digested plasmid pBLCATS , to form plasmid pICL. Plasm.id 
pICL is represented in Fig 19; its sequence is presented 
in Fig. 20. 

25 

Plasmid pICL contains the following features; 



nt . 1-457 Ad5 left terminus 'Sequence 1-457 of 

human adenovirus t'.'pe 5 ) 
30 nt . 458 - 969 Human cytomegalovirus enhancer and 

immediate 

early promoter (Boshart et al . , 1985)(from piasmid pCMVp, 

Clontech, Palo Alto, USA) 
nt. 970- 1204 SV40 19S exon and truncated 16/19S mtron 

^5 (from plasmid pCI-IVB } 

nt . 1215-298^ Firefly luciferase gene (from pMLP.luc) 
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3018-3131 



SV40 tandem poly- adenyiaticn sicrnals from 
late transcript , derived from p_asmid 
pBLCATS ; 



3132-5620 



dUCII backbone 



(derived frcrr. oxasmid 



4337-5191 



pBLCATS } 

3-lactamase gene ( Amp - res istence crene , 



reverse orientation ) 
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Plasmid plCLhac and pICLhaw 

Plasmids pICLhac and pICLhaw were derived from 
plasmid pICL by digestion of the latter plasm.id virh the 
restriction enzyme Asp71B . The linearized plasmid was 
treated with Calf - Intestine Alkaline Phosphatase to remove 
the 51 phoshate groups. The partially complementar-/ 
synthetic single-stranded oligonucleotide Hp/aspl en 
Hp/asp2 were annealed and pnosphorylated on their 5 ' ends 
using T4 -polynucleotide kinase . 

The phosporylated double -stranded oligom.ers vere mixed 
with the dephosporylated pICL fragment and ligated. Clones 
containing a single copy of the synthetic oligonucleotide 
inserted into the plasmid were isolated and characterized 
using restriction enzyme digests. Insertion of the 
oligonucleotide into the Asp718 site will at one juncrion 
recreate an Asp718 recognition sire, wnereas at tne other 
junction the recognitionsite will be disrupted. The 
orientation and the integrity of the inserted 
oligonucleotide was verified in selected clones bv 
sequence analyses. A clone containing the oligonucleotide 
m the correct orientation (the Asp718 site close to the 
3205 EcoRI site) was denoted pICLhac. A clone virh the 
oligonucleotide in the reverse orientation (the Asp718 
site close to the SV40 derived poly signal) was designated 
pICLhaw. Plasmids pICLhac and pICLhaw are represented m 
Figs . 16 and 17 . 

Plasmid pICLI was created from, plasmad pICL by 
insertion of tne Sall-SgrAI fragment from pICL, containing 
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the Ad5-ITR xnto rhe Asp7ie sz.T:e of pICL. The 194 bp Sail 
SgrAI fragment was isolated from pICL, and the cohesive 
ends were converted to blunt ends using E.coii DNA 
polymerase I (Klenow fragment; and dNTP ' s . The Asp718 
cohesive ends were converted to biunr ends by treatment 
with luungbean nuclease. By ligation clones were generated 
that contain the ITR m the AspVie site of piasmid pICL. 
A clone that contained the ITP. fragment in the correct 
orientation was designated pICLI (Fig. 18). 
Generation of adenovirus Ad-Cl-IV-hcTK. Recombinant 
adenovirus was constructed according to the method 
described in Patent application 95202213. Two components 
are required to generate a recombinant adenovirus. First, 
an adaptor- plasmid containing the left terminus of the 
adenovirus genome containing the ITR and the packaging 
signal, an expression cassette with the gene of interest, 
and a portion of the adenovirus genome which can be used 
for homologous recombination. In addition, adenovirus DNA 
is needed for recombination with the aforementioned 
20 adaptor plasmid. In the case of Ad-CMV-hcTK, the plasmid 
PCMV.TK was used as a basis. This plasmid contains 
nt. 1-455 of the adenovirus type 5 genome, nt . 456-1204 
derived from pCMVp (Clontech, the Pstl-StuI fragment that 
contains the CIW enhancer promoter and the 16S/19S intron 
25 from Simian Virus 40), the Herpes Simplex Virus thymidine 
kinase gene (described in Patent application 95202213), 
the SV40-derived polyadenylation signal (nt. 2533-2668 of 
the SV40 sequence), followed by the Bglll-Scal fragment of 
Ad5 (nt. 3328-6092 of the Ad5 sequence). These fragments 
iO are present m a pMLPlO -derived (Levrero et al . , 1991) 
backbone. To generate plasmid pAD -CI-!Vhc - TK , plasmid 
pCMV.TK was digested with Clal (the unique Clal-site is 
located just upstream of the TK open readingf rame ) and 
dephosphcrylated with Calf - Intestine Alkaline Phosphate. 
To generate a hairpin - structure , the synthetic 
oligonucleotides HP/cla2 and HP/cla2 were annealed and 
phopspnorylated on their 5 ' -OH groups with T4 - 
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polynucleotide kinase and ATP. The double - stranded 
oligonucleotide was ligated virh the linearized vector 
fragment and used to transforn E.coli strain "Sure". 
Inseticn of the oligonucleotide into the Clal site wil" 
5 disrupt the Clal recognition sites, m the oligonucleotide 
contains a new Clal site near one of its termini, m 
selected clones, the orientation and the megrity of the 
inserted oligonucleotide was verified by. sequence 
analyses. A clone containing the oligonucleotide ir. the 
10 correct orientation (the Clal site at the ITR side) was 

denoted pAd-CMV-hcTK . This plasmid was co -cransf ected with 
Clal digested wild-type Adenovirus -typeS DNA into 911 
cells. A recombinant adenovirus in wnich tne CM\'-hcTK 
expression cassette replaces the El sequences was Isolated 
and propagated using standard procedures. 

To study whether the hairpin can be used as a primer 
for reverse strand synthesis on the displaced strand afte- 
replication had started at the ITR, -he plasmid pICLhac is 
introduced into 911 cells (human embryonic retmoblasts 
transformed with the adenovirus El region; . The plasmid 
pICLhaw serves as a control, which contains the 
oligonucleotide pair HP/asp 1 and 2 m the reverse 
orientation but is further completely identical to olasmid 
PICLhac. Also included in these studies are clasmids piCLI 
and pici. In the plasmid pICLI the hairpin is replaced bv 
an adenovirus ITR. Plasmid pICL contains neither a hairp'm 
nor an ITR sequence. These plasmids serve as controls to 
determine the efficiency of replication bv virtue of the 
terminal -hairpin structure. To provide the viral products 
other than the El proteins (these are produced bv the 911 
cells) required for DNA replication the cultures are 
infected with the virus IG . Ad . MLPI . TK after transf lotion 
several parameters are being studied to demonstrate proper 
replication of the transfected DNA mclecules . First, DNA 
extracted from the cell cultures transfected with 
aforementioned plasmids and infected with IG . Ad . MLPI . TK 
virus IS being analyzed by Southern blotting for the 



wo 97/00326 PCT/NL96/00244 

39 

presence of zhe expected replication mtenr.ediates . as 
well as for the presence of the duplicatec aenomes . 
Furthermore, from the transfected and IG . Ad . MLPI . TK 
infected cell popiilations virus is isolated, that is 
5 capable to transfer and express a luciferase marker gene 
into luciferase negative cells . 

Plasmid DNA of plasmids pICLhac, plClnaw. piCLI and 
pICL have been digested with restriction endonuclease Sail 
and treated with mungbean nuclease to remove the 4 
10 nucleotide single-stranded extension of the resulting DNA 
fragment. In this manner a natural adenovirus 5 ' ITR 
terminus on the DNA fragment is created. Sur;sequentlv , 
both tne pICLhac and pICLhaw plasmids were diaested with 
restriction endonuclease Asp7l8 to generate the terminus 
15 capable of forming a hairpin structure. The digested 

plasmids are introduced into 911 cells, using the standard 
calcium phosphate co-precipitaticn technique, four dishes 
for each plasmid. During the transf ection . for each 
plasmid two of the cultures are infected wi-h the 
IG.Ad.MJlPI.TK virus using 5 infectious IG . Ad . MLPI . TK 
particles per cell. At twenty-hours post - trans fection and 
fort hours post- transf ection one Ad . tk -virus - infected and 
one uninfected culture are used to isolate sm.all 
molecular-weight DNA using the procedure devised by Hirt . 
25 Aliquots of isolated DNA are used for Soutnern analysis. 
After digestion of the samples with restriction 
endonuclease EcoRI using tne luciferase gene as a probe a 
hybridizing fragment of approx . 2.6kb is derected only in 
the samples from the adenovirus infected cells transfected 
with plasmid pICLhac. The size of this fragment is 
consistent with the anticipated duplication of the 
luciferase marker gene. This supports the conclusions that 
the inserted hairpin is capable to serve as a primer for 
reverse strand synthesis. The hybridizing fragment is 
absent if the IG . Ad . MLPI . TK virus is omitted, or if the 
hairpm oligonucleotide has been inserted m the reverse 
orienTiation . 
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The restricrion endonuciease Dpnl recognizes zhe 
rerranucieotide sequence 5'-GATC-3', bur cleaves onlv 
methyla-ed DNA , (that xs , only (plasmid) DNA prcr^agated 
in, and derived, from E.coli, ncr DNA that has been 
replicated in maimnalian cells). The restriction 
endonuciease Kbol recognizes tne same sequences, but 
cleaves only unmethylated DNA (viz. DNA propagated in 
ma.^alian cells). DNA samples isolated from the 
transfected cells are incubated with Mbol and Dpnl and 
analysed with Southern blots. These results demonstrate 
that only in the cells transfected with the pICLhac and 
the pICLI plasmids large Dpnl - res istant fragments are 
present, that are absent in the Mbol treated sami^les . 
These data demonstrate that only after transiection of 
15 plasmids pICLI and pICLhac replication and duplication of 
the fragments occur . 

These data demonstrate that m -adenovirus - infected 
cells linear DNA fragments that have on one terminus an 
adenovirus-derived inverted terminal repeat :ITR) and at 
tne other terminus a nucleotide sequence that can anneal 
to sequences on the same strand, when present in single- 
stranded form thereby generate a hairpin structure, and 
will be converted to structures that have inverted 
terminal repeat sequences on both ends. The resulting DNA 
25 molecules will replicate by the same mechanism as the wild 
type adenovirus genomes . 

-•^ Demonstration that the DNA molecules tnat 

contain a luciferase marker gene, a single copy of the 

30 ITR, the encapsidation signal and a synthetic DNA 

sequence, that is capable of forminrr ;^ ha^-^'-^-- --^ 

are sufficient to generate DNA molecules that can be 
encapsidated into virions. 

To demonstrate that the above DNA molecules 

35 ccnrainmg two copies of the CMV-luc marker gene can be 
encapsidated into virions, virus is harvested from the 
rem.ainmg two cultures via three cycles of freeze -thaw 
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crushing and is used ro mfecr murine fibroblasts. Fortv- 
eighr hours after infection the infected cells are assaved 
for lucif erase activity. To exclude the possibilitv that 
the luciferase activity has been induced bv transrer cf ^ 
5 free DNA, rather than via virus particles, virus stock^ 
are treated with DNasel to remove DNA contaminants. 
Furthermore, as an additional control, aliquots of the 
virus stocks are incubated for 60 minutes at SG^C. The 
treatment will not affect the contaminating DNA, but will 
inactivate the viruses. Significant luciferase activitv is 
only found m the cells after infection with the virus' 
stocks derived from IG . Ad . MLPI . TK - infected cells 
transfected wirh the pICLhc and pICLI plasmias. Neither -n 
the non- infected cells, nor m the infected ceils 
transfected with the pICLhw and pICL significant 
luciferase activity can be demonstrated. Heat 
mactivation, but not DNasel treatment, completely 
eliminates luciferase expression, demonstrating that 
adenovirus particles, and not free ( contaminatma ) DNA 
rragments are responsible for transfer of the luciferase 
reporter gene . 

These results demonstrate that these small v- -al 
genomes can be encapsidated into adenovirus ^articles and 
suggest that the ITR and the encapsidation signal are 
sufficient for encapsidation of linear DNA fraamerts into 
adenovirus particles. These adenovirus particles can be 
used for efficient gene transfer. When introduced into 
cells that contain and express at least part of the 
adenovirus genes (viz. El, E2 , E4 , and L, and VA) , 
recombinant DNA molecules that consist of at least one 
ITR, at least part of the encapsidation signal as well as 
a syntnetic DNA sequence, that is capable of forcing a 
nairpm structure, have the intrinsic capacity to 
autonomously generate recombinant genomes which can be 
encapsidated into virions. Such genomes and vector svstem 
can be used for gene transfer. 
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-■^ Demonsrrarion thar DNA rr.clecu^es wnich conram 

nuciecr^des 3510 - 35953 (v:lz. 9." - 100 map an:.ts ) of the 
adenovirus rype 5 genome (thus lack z'ne Zl protein - coding 
regions, the rignt-hand ITR and tne encaps laation 
5 sequQnzes) and a terminal DNA sequence that is 

complementary tc a port:Lon of tne same s::rand of the DNA 
molecule when present m sxngle - stranded form other than 
the IT?., and as a result is capacle of fcnr.:ing a narrpm 
structure, can replrcare in 911 cells. 

order to develop a replicating DNA molecule that 
can provide the adenovirus producrs required to allow the 
above mentioned ICLhac vector genome and alrke mrnimal 
adenovectors to be encapsidated into adenovirus particles 
by nelper cells, the Ad-CM\^-hcTK aaenoviral -ecrcr nas 
15 been developed. Between the Cl-W ennancer/prcmoter region 

and the thymidine kinase gene the annealed oligonucleotide 
pair K?/cla 1 and 2 is inserted. The vecror Ad-O-fV-hcTK 
can be propagared and produced m 911 cell using standard 
procedures. This vector is grown and propagated 
20 exclusively as a source of DNA used fcr ^ransf ecrion . DNA 
of the adenovirus Ad-C:-r/-hcTK is isclarec from virus 
particles thar had been purified using CsCl density- 
gradient centrif ugation by standard techniques . The virus 
DNA has been digesred witin restriction endonuclease Clal . 
25 The digested DNA is s ize - f racrionared on an 0.^% agarose 
gel and the large fragment is isolated and used for 
further experiments. Cultures of 911 cells are transfected 
large Clal - fragment of the Ad-Cl-TV - hcTK DNA using the 
standard calcium phosphate co- precipitation techniaue. 
Much like in the previous experiments with plasmid 
pICLhac, the AD-CIW-hc will replicate starting at the 
right-hand ITR. Once the 1-strand is displaced, a hairpm 
can be formed at the left-hand terminus of the fragment. 
This facilitates the DNA polymerase to elongate the chain 
towarcs the rignt - hand - s ide . The process will proceed 
until the displaced strand is completely converted to its 
double-stranded form. Finally, the rignt-nand ITR will be 
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recreaTied, and rhis locaricr. Tine ncrma^ aaenovirus 
repl:-car.^on - in:Ltiat:ion and elongation will occur. Note 



duplicar-ing rhe molecule. The input DNA molecule ci 33250 
bp, rhar had on one side an adenovirus IT? sequence and at 
the other side a DNA sequence that had tne capacity to 
form a hairpin structure, has now been duplicated, m a 
way that both ends contain an ITR sequence. The resulting 
DNA molecule will consist of a palindrom.ic structure of 
approximately 6 6500 bp. 

This structure can be detected m Icw-molecular 
weight DNA extracted from the trans lectec cells using 
Southern analysis. The palindrom.ic nature cf the DNA 
fragment can be demonstrated by digestion of the low- 
molecular weight DNA with suitable restriction 
endonucleases and Southern blotting with the HSV-TK gene 
as the probe. This molecule can replicate itself in the 
transfected cells by virtue of the adenovirus gene 
products that are present m the cells. In part, the 
adenovirus genes are expressed from templates that are 
integrated in the genome of the target cells (viz. the El 
gene products), the other genes reside m the replicating 
DNA fragment itself. Note however, that tnis linear DNA 
fragment cannot be encapsidated into -.^irions . Not only 
does It lack all the DNA. sequences required for 
encapsidation , but also is its size mucn too large to be 
endapsidated . 

1.4 Demonstration that DNA m.olecules which contain 

nucleotides 3503 - 35953 (viz. 9." - 100 map units} of tne 
adenovirus type 5 genome ( thus lacx zhe II protein - codma 
regions, the right-hand ITR and the encaps idation 
sequences) and a terminal DNA sequence tnat is 
complementary to a portion the same strand of the DNA 
molecule other than the ITR, and as a result is capable of 
forming a hairpin structure, can replicate m 911 ceils 
and can provide the helper functions required to 
encapsidate the pICLI and pICLhac derived DNA fragments. 



that the polymerase will read through the 



hairpin, therebv 
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The nex:: series of experimenrs aiir. tc demonstrate 
rhar the DNA molecule described in part 1.3 could be used 
to encapsidate the minimal adenovectors described m part 
1.1 and 1.2. 

5 In the experiments the large fragment isolated after 

endonuclease Clal -digestion of Ad-CMV-hcTK DNA is 
introduced into 911 cells (conform the experiments 
described in part 1.3) together with endonuclease Sail, 
mungbean nuclease, endonuclease Asp718 -treated plasmid 
pICLhac, or as a control similarly treated plasmid 
pICLhaw. After 48 hours virus is isolated by freeze-thaw 
crushing of the transfected cell population. The -.^irus- 
preparation is treated with DNasel tc remove contaminating 
rree DNA. The virus is used subsequently tc infect Rat2 
fibroblasts. Forty-eight hours post infection the cells 
are assayed for lucif erase activity. Only in the cells 
infected with virus isolated from the cells transfected 
with the pICLhac plasmid, and not with the pICLhaw 
plasmid. significant luciferase activity can be 
demonstrated. Heatmactivation of the virus prior to 
infection completely abolishes the luciferase activitv, 
indicating that the luciferase gene is transferred by a 
"iral particle. Infection of 911 cell with the virus stock 
Old not result in any cytopathological effects, 
25 demonstrating that the pICLhac is produced wi-nout any 
infectious helper virus that can be propagated on 911 
cells. These results demonstrate that the proposed method 
can be used to produce stocks of minimal - adenoviral 
vectors, that are completely devoid of infectious helper 
"iruses that are able to replicate autonomously on 
adenovirus -transformed human cells nr nn nr.n - n^^r.^,^- ^ 
transformed human cells. 

Besides the system described m this application, 
another approach for the generation of minimal adenovirus 
35 -ectors has been disclosed m WO 94/12649. The method 
described m WO 94/12649 exploits the function of the 
protein IX for the packaging of minimal adenovirus vectors 
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(Pse-^do Adenoviral Vecrors ( PAV ) m the temxnologv of WO 
94/12649). PAVs are produced by cloning an expression 
plasmid w:LZh the gene of interest between the left -nana 
C including the sequences required for encapsidaticn ) ana 
5 the right-hand adenoviral ITRs . The PAV is propagated m 
the presence of a helper virus. Encapsidation of the PAV 
is preferred compared the helper virus because the helper 
virus is partially defective for packaging. (Either by 
virtue of mutations in the packaging signal or bv virtue 
10 of its size (virus genomes greater than 37.5 kb package 
inefficiently). In addition, the authors propose that m 
the absence of the protein IX gene the PAV vill be 
preferentially packaged. However, neither of these 
mechanisms appear to be sufficiently restrictive to allow 
15 packaging of only PAVs/m.inimal vectors. The mutations 

proposed in the packaging signal dimmish packaging, but 
do not provide an absolute block as the same packaging- 
activity is required to propagate the helper virus. Also 
neither an increase m the size of the helper virus nor 
20 the mutation of the protein IX gene will ensure that PAV 
IS packaged exclusively. Thus, the method described m WO 
94/12649 is unlikely to be useful for the production of 
helper- free stocks of minimal adenovirus vectors/PAVs . 
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Table : 



Primers used for PCR ar;pl:Lf ica::r on zz DNA fr 



agmenrs used 



for 


generanon of consurucrs 


descriDed m 


tihxs parerr 


appl 


icaiion . 






Ed - 1 


CGTGTAGTGTATrTATACCCG 


PGR ampiiii 


cazion Ads nt459 - 


Ea-2 


TCGTCACTGGGTGGAAAGCCA 


PGR ampiif 1 


cacion Ad 5 nr96 0 < 


Ea - 3 


TACCCGCCGTCGTAAAATGGC 


nrl264 - 13C; 


of Ac5 ger.ome 


Ea - 5 


TGGACTTGAGCTGTAAACGC 


m:151^ -1533 


or Ad5 aenome 



Ep-2 GGCTrCr.IwGAGGTCAGATGT nr. 1 7 2 1 - 1 0 2 oi Ad5 : 

inrrocucr.icr. zz Nco: site 

— j*_j.ior-kLj_GCG7-LoACATGTG r. 11326^-328 9 2 1 .Ad5 crenom^ 

Lb- 2 GGG GTCGr . G GTCAATGTGTATGTT r.t35 08 - 34 96 i Ad 5 genome. 

mrroaucticr. or xhol site 

SV4C-: GGGGG.-.TCGGAAGTTGTTTATTGCAGC Introductior 3ap,HI site 

(nt2162-2199 o: pML? . TK ) 
adapt ion cr ecorp±i ir.a nt 
adenoviruses 

SV40-2 GGGAG.-.rCTAGACATGATAAGATAC Introduction 3a2II site 

(nt2312-2297 -f pMLP.TK) 

f^ciS'l GGGa.GArCrGTACTGAAATGTGTGGGG Introauction 5glir site 

'r.t2^96-25:. i: pMI.? . 7?' ; 

Ad5-2 GGAGGCTGGAGTGTGGAACGGCGT n 1 2 ~ 9 - 2 7 5 6 "r PI-X? . TK 

ITRl GGGI^iLZCTTGAAATCGTCAGXTCGGT n t3 5 7 3 ^ - 3 5 7 5 " o r Ad5 

; mtrcGuctior o: BamHI site) 
ITK2 GGGG TGrAGA CATGATGAATAATATAv- n 1 3 5 9 3 5 - 3 5 9 1 r or Ad5 

(introauction of Xbal sitei 

PGR priners sers to be used ro creare tne Sail and Asd71E 
sires Juxtaposed zo rhe ITR sequences. 

PCR/MLP: GGGGAATTGGTCGAGATCATCAATAATATACC ,'Aa5 no. 10-18} 

PCR/MLP2 GGCGAATTCGGTACGA7CATCAATAATATACC fAd5 nt . 10-18) 

PCR/MLP3 CTGTGTACACCGGCGCA fAdS nt. 200-184) 
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Synthetic ol igonucieor ide pair ased to aenerare a 
synthetic hairpin, recreates an Asp715 site at one of the 
termini if inserted m AspTlS site: 

HP/aspi 5 ■ - -TACACTGACCTAGTGCCGCCCGGGCAAAGCCCGGGCGGCACTAGGTCAG 
HP/asp2 5 ' -GTACCTGACCTAGTGCCGCCCGGGCTTTGGCCGGGCGGGACTAGGTCAGT 

Synthetic cligonuclectide pair used tc Generate a 
synthetic nairpin, contains the Clal recognition site to 
be used for hairpm formation . 

HP/clai 5 ' -GTACATTGACCTAGTGCCGCCCGGGCAAAGCGGGGGCGGCACTAGGTCAATCGAT 
HP/cla2 5 ' - 37ACATCGATTGACCTAGTGCCGCCCGGGCrTTGCGCGGGCGGCACTAGGTCAAT 
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1. A recombinanr nucleic acid molecule based on or 
derived from an adenovirus having at: least a funcricnal 
encapsidating signal and az least one functional Inverted 
Terminal Repeat or a functional fragment or derivative 

5 thereof and having no overlapping sequences which allow 
for homologous recombination leading to replication 
competent virus m a cell into which it is transferred. 

2 . A recombinant nucleic acid molecule according to 
claim 1 being m a linear form and comprising an Inverted 

IC Terminal Repeat at or near both termini. 

3 . A recombinant nucleic acid molecule according to 
claim 1 being m a linear and essentially single stranded 
form and comprising at the 3 ' terminus a seauence 
complementary to an upstream part of the same strand of 

15 said nucleic acid molecule, said sequence being capable of 
base-pairing with said part m a way to be able to 
function as a start-site for a nucleic acid pol\Tnerase. 

4 . A recombinant nucleic acid molecule according to 
claim 3 , comprising all adenovirus derived genetic 

2C information necessary for replication, except for a 
functional encaps idation signal. 

5. A recombinant nucleic acid molecule derived from tne 
nucleic acid molecule according to claim 4 resultmc from 
the action of a nucleic acid polymerase on said nucleic 

25 acid molecule according to claim 4 . 

6 . A recombinant nucleic acid molecule according to 
claim 5 having an Inverted Terminal Repeat at both 
termini . 

7 . A recombinant nucleic acid molecule according to 
3C anyone of the aforegoing claims comprising a host range 

mutation . 

8 . A recombinant nucleic acid molecule according to 
anyone of the aforegoing claims comprising a mutated E2 
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region rendering ar least one of its products temperature 
sensitive . 

S . A recombinant n-cieic acid rr.clecule according to 
anyone of the aforegoing claims comprising an £2 region 
5 under the control of an inducible promoter. 

10. A packaging cell for packaging adenovirus derived 
nucleic acid molecules, which packaging cell has been 
provided with one or more recombinant nucleic acid 
molecules which provide said cell with the ability to 

10 express adenoviral gene products derived from at least the 
ElA region . 

11. A packaging cell for packaging adenovirus derived 
nucleic acid molecules, which packaging cell has been 
provided with one or more recombinant nucleic acid 

15 molecules which provide said cell wirh the aoilitv to 
express adenoviral gene products derived from, at least 
both the ElA and the E2A region . 

12. A packaging cell according to claimL 11, wnerem the 
recomcinant nucleic acid molecule encoding cne E2A region 

20 is under control of an inducible promoter. 

13. A packaging cell according to claim 11 or 12, wnerein 
the recombinant nucleic acid molecule encoding the E2A 
region is mutated so that at least one of its products is 
temperature sensitive . 

■ cell according to anyone of claims 10-15, whicn 
does not have the ability to express ElE products . 

15. A cell according to claim 14, wherein the genetic 
information encoding ElB products is not present. 

16. A cell according to claim 10, further comprising the 
30 region coding for ElB. 

17. A cell according to claim 10, furtner comprising a 
miarker gene . 

18. A cell according to claim 17, wnereby the marker gene 
IS under control of the ElB responsive promoter. 

35 19. A packaging cell harbouring nucleotides 80-5788 of 
the human Adenovirus 5 genome . 
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20 
th 
21 



A packacrmg cell harbouring nuclecziaes 459-l*'13 of 
the human Adenovirus 5 genome. 

A pacxagmg cell harbouring nuclecrides 459-3510 of 
the human Adenovirus 5 genome . 
5 22. A cell according to anyone of claixs 10-13, which 

does nor have the ability tc express -r.e 21kD ElB produce . 

23. A cell according to claim 22, wneram -ne generic 
information encoding the 21kD ElB prccuct is not present. 

24. A cell according to anyone of claims 10-23 which is a 
10 diploid cell . 



30 



A cell according to anyone of claims 10-24 which is 
of non-human origin. 

26. A cell according to anyone of clai-s lC-25 which 



of monkey eric in 



s 



27. A cell according to claim 19 as ceposired under 
no. 95062101 at the ECACC . 

28. A recombinant nucleic acid molecu.e according to 
anyone of claims 1-9 being a DNA molecule. 

29. A recomninanr nucleic acid molecule based on or 
derived from an adenovirus, having ar _easu a deletion of 
nucleotides 459-3510 of the El region. 

30. A recombinant nucleic acid molecule based on or 
derived from an adenovirus, navmg a celetion of 
nucleotides 459-1:^13 of the El region. 

25 31. An aaencvirus-like particle comprising a recomoinanr 
nucleic acid molecule according to anyone of claims 1-9. 
32. A cell comprising a recombinant nucleic acid molecule 
according ro anyone of claims 1-9. 



33. A recombinant nucleic acid accorcmg to claims 1-3. 
oomprismg functional E2A end E2B genes or functional 
fragments or derivatives thereof under control of an ElA 
independent promoter. 

34. A cell according tc claim 26 whicn comprises a host 
range mutated E2A region of an adenovirus. 

35 35 A metnod for intracellular am.pl if cation comprising 
the steps of providing a cell with a l.near DNA fraament 



to be amplified, which fragment is presided 



>^i th at least 
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a f-jncrionai part cr derivative of an Inverted rerminal 
Repeat at one tern^.inus and providing said ce__ vitn 
functional E2 derived products necessary fcr replication 
of said fragment and allowing said fragment to be acted 
5 upon by a DNA polv-nerase . 

36, A method according to claim 35 whereby tne cell is 
provided with genetic material encoding botn Z2A and E2B 
products . 

37. A method according to claim 35 cr 36 wnereov a 

10 hairpm-like structure is provided at the terminus of the 
DNA fragment opposite the Inverted Terminal Reoeat. 
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Figure 7 
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Figure 8 

Southern blot analyses of 293. 91 1 and PER cell lines 
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Figure 9 

Transfection efficiency of PER.C3. PER. C5. PER.C6 and 91 1 ceils 
CeUs were cultured in 6-welI plates and transfected (n=2) with 5 ug 
pRSV lacZ by calcium-phosphate co-precipitation. Forrv-eieht hours later 
the cells were stained with X-GAL. The mean percentage of blue cells is 
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Figure 10. 

Construction of pMLPl.TK from pMLP.TK 
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SUBSTITUTE SHEET (RULE 26) 




wo 97/00326 PCT/NL96/00244 

17/25 



Replication of Adenovirus 
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Figure 14 
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3 * — GATCACGi-3w_Gl3»jCGGGA 



Fig IS . The porenrial haxrpin conf orr:a"Lxon of a singie-srranded 
DNA molecule rhar contains the HP/ asp sequences used in these 
srudies. Res-ric*ion with the resrr-crion endonuclease As'p718I 
of plasmid pICI*ha., containing the annealed oligonucleonide pa:-r 
5 HP/aspl en HP/asp2 will yield a linear double-str-anded DNA 

fraamenr. In cells in which the required adenovirus genes are 
present, replication can initiate at the terminus that contains 
the ITR seauence. During the chain elongation, the one of the 
strands will be displaced. The teminus of the single-stranded 
10 displaced- strand molecule can adopt the conformation depicted 
above. In this conformation the free 3' -terminus can serve as a 
primer for the cellular and / or adenovirus DNA polymerase , 
resulting in conversion of the displaced strand in a double- 
stranded form. 



Figure 15 
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Figure 17 
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Figure 18 
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Plasmid pICL is derived from the following plasmids : 

- 457 pMLPlO (Levremo at al . , ) 

nt.45e - 1216 pCMVE fClontoch, EKBL BaiiK no. U02451) 

nt.l219 - 301G pMLP.luc (Introgene. unpubiiahed ) 

nc.3017 - 5620 pBLCATS (Stein et al . , 1989) 

The plasmid has been conscrucced as follows: 

The tet gene of piasmid pMLPlO has been inactivaced fay deletion of the BamHI- 
Sall fragment, tc generate pMLPlOASB. Using primer aer PCR/MLPl and PCR/MLP3 a 
210 tap fragment oontaining the Ad5-ITR, flanged by a svnthetic Sail restritticr. 
site was amplified using pMLPlC DNA as the template. The PCR produot was 
digested with the enzymes EcoRI and SgrAI to generate a 196 bp. fragment. 
Plaamid pMLPlOASB was digested with EcoRI and SgrAI tc remove the IT?.. This 
fragment was replaced by the EcoRI-SgrAI-treated PCR fragment to generate 
pMLP/SAL. 

Plasmic pOfV-Luc was digested with PvuII to ccmpieticn and rerirouiated t= 
remove the S-v'4 0 -derived poiy-adenylation signal and Ad5 secruences with exceotior. 
of the AdS left -terminus . In the resulting pxasmid. pCMV- iucAAd. tne Ad5 ITR was 
replaced^bi'^tne Sai -site- flanked ITP. from piasmid pMLP/SAL by exchanging the 
^°^^-^o.cZZ fragments. The resulting piasmid, pCMV'- lucAAd/SAI- , the AdS iett 
terminus and the OfV-driven lucif erase gene were isolated as an Sall-Sxnal 
fragment and inserted m the Sail and Hpal digested piasmid pBLCATS . tc rcrrr 
piasmid pin. Piasmid pIZL is represented ir. figure 

Piasmid pZZl. contains the following features: — 

nt . 1-4 57 AdS left terminus (Sequence 1-4 5~ cf hun'.an adenovirus ti^pe 5; 
nt . 458-969 Human rv'tomegaio virus enhancer and immediate earl^- cromoter 

(Bosthart et al . , 1985 : from p'iasmid pCMVE) 

nt. 97O-12O4S'/40 19S excn and truncated 16/lrS mtror. (from piasmid pCMVS: 
nt. 1218-29B7 Firefly luciferase gene (frcr^, pMLP.luc) 

nt . 3 018 -3 13 lS"/i C tandem poly -adenylat ion signals frcn late transcrirt . derived 
from piasmid -HICATS) 

nt . 3132-562: pL'C12 backbone (derived frcr. plasr.ic p£I-CAT5 } 

nt . 43 3 / - 5 -lQ 111- .actamase gene ( Amp - res is t ence gene, reverse orientation; 



NAME: pICL 5d2C 3PS DNA CIRCUUU^. UPDATZi: 5/01/95 
DESCRIPTION: 1 X Ad5-ITR. CMV- luci f erase , minimal vector 
SEQU^CE: sequence oased on the on available information: 

Constructions verified by restriction enryme digests; 

Sequence c: regions derived frcr. amplified DNA verified by secruence 
analyses 

SEQUENCE ••• 

1 CAT CATCAAT AATATACCTT ATTTTGG ATT GAAGCCAATA TCATAATGAG GGGCTGG ACT 

SI >jTCr\s_CTG CjCPCGGGCCC TGGGAACCGC GCCGGTCACC T act AG TGTC GCGGAAGTGT 

121 GATCTTGCAA GTGTGGCGGA ACACATGTAA GCCACGGATG TGGCAAAAGT GACGTTTTTG 

181 GTGTGCGCCG GTGTACACAG GAAGTGACAA CGCGCG CmTAGGCG GATGTTGTAG 

241 TAAATTTGGG CGTAACCGAC TAAGATTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 

3C1 AGTGAAATCT GAATAATTTT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 

w^j^N^^rkAAG TTGGCGT^rTT ATTATTATAG TCAGGGGCTG CAGGTCGTTA CATAACTTAC 

4S. A i-krtATGGC CCGCCTGGCT GACCGCCCAA C^r\ZZZZZ3Z CCATTGACGT CAATAATGAC 

541 GTATCTTCCC ATAGTAACGC CAATAGGGAC TTTCCATTGA CGTCAATGGG TGGAGTATTT 

6C1 ACGGTAAACT GCCCACTTGG CACTACATCA AGTGTATCAT ATGCCAACTA CGCCCCCTAT 




SUBSTITUTE SHEET (RULE 26) 



wo 97/00326 



24/25 



PCT/NL96/00244 



841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 

1441 

1501 
1561 
1621 
1661 
1741 
1801 
1361 
1921 
19B1 
2041 
2101 
2161 
2221 
2281 
2341 
24C1 
2461 
2521 
2581 
2641 
2701 
2761 
2821 
28B1 
2941 
3001 
3061 
3121 
3181 
3241 
33C1 
3351 
3421 
3481 
3541 
3601 
3661 
3721 
3781 
3841 
3901 
3961 
4021 
4081 
4141 
4201 
4261 
4321 
438 1 
4441 
45C1 
4551 



CCCCATTGAC GTCAATCGGA GTTTGTTrTG GCACCAAAAT CAACGGCACT TTCCAAAATG 
TCGTAACAAC TCCGCCCCAT TGACGCAAAT GGGCGGTAGG CGTGTACGGT GGGAGGTCTA 
TATAAGCAGA GCTCGTTTAG TGAACCGTCA GATCGCCTGG AGACGCCATC C^CCCTCT^ 
TX3ACCTCCAT AGAAGACACC GGGACCGATC C?.GCCZCCGG ACTGTAGAGG ATCCGGTAC-^ 
CGAGGAACTG AAAAACGAGA AAGTTAACTG GTAAGTTTAG TCTTTr^TC TTTTAnT^A 

GGTCCCGGAT CCOGTGaTCG TGCAAATCAA AGAACTGCTC CTCAGTGGAT GTTGC -^A 

CTTCTAGTAT CAAGCTTGAA TTCCTTTGTX3 TTACATTCTT GAATGTCGCT CGCAGTGACA 
TTAGCATTCC GGTACTGTTG GTAAAATCGA AGACGCCAAA AACATAAAGA AAGGCCCGG- 
GCCATTCTAT CCTCTAGAGG ATGGAACCGC TGGAGAGCAA CTGCATAAGG CTATGAAGAG 
ATACGcCCnx; Gl-iCCIXXSAA CAATTGCTTT TACAGATGCA CATATCGAGG TGAACA'^C^C 
GTACGCGGAA TACTTCGAAA TGTCCGTTCG GTTGGCAGAA GCTATGAAAC GATATGGG^*^ 
GAATACAAAT CACAGAATCG TCGTATGCAG TGAAAACTCT CTTCAATT-T TTATCCr--™ 
GTTGGGCGCG TTATTTATCG GAGTTGCAGT TGCGCCCGCG AACGACATTT ATAATY-i^- 
TX3AATTGCTC AACAGTATGA AGATTTCGCA GCCTACCGTA GTCTTTZTT- Cctl^tr^^ 
GTTGCAAAAA ATTTTGAACG TGCAAAAAAA ATTACCAATA ATCCAGAAAA TT^TTAT-^ 
GGArrCTAAA ACGGATTACC AGGGATTTCA GTCGATGTAC ACGTrCGTGA CAT-^-I^"-^ 
tE^l'z^'r^ TTTAATGAAT ACGATTrrGT ACCAGAGTCC ^ATCGTG AcJI^IcIIt 
TGCACTGATA ATGAATTCCT CTGG;.rCT?.C TGGGTTACGT AAGGGT^TGG CC^T-^r^l 
TAGAACTGCC TGCGTCAGAT TCTCGCAT^ CAGAGATGCT ATrmt^GCA AT^aIat-- 
TCCGGATACT GCGATTTTAA GTGTTGrrCC ATTCCATCAC GGTTn^I^ TC^^C^AC 
■^ ^"^^"^ TTGATATCTG GAmCGAGT CGTCTTAATC TATAGATTTG AAGAAGAGC" 
GTTTTTACGA TCCCTTCAGG ATTACAAAAT TCAAAGTCCG TTGCTAGTAC CAACCCTA— 
TTCATTCTTC GCGAAAAGCA CTCTGATTGA CAAATACGAT TTATCTAArr TACACGAAA^ 
TOCTTCTGGG GGCGCACCTC TTTCGAAAGA AGTCGGGGAA GCGGTTGrAA AACGCTTCCA 
TCTTGCAGGG ATACGACAAG GATATGGGCT CACTGAGACT ACATCAGCTA TTCTGATTAC 
ACCZG?.GGGG GATGATAAAC CGGGCZCGGT CGGTAAAGTT GTTGCArrrT TTCAAGCGAA 
GGTTGTGGAT CTGGATACCG GGAAAACGCT GGGCGTTAAT CAGAGAGGCG AATTATGTGT 
CAGAGGACCT ATGATTATGT CCGGTTATGT AAACAATCCG GAAGCGACZA ACGC-TT-A-^ 
TGACAAGGAT GGATGGCTAC ATTCTGGAGA CATAGCTTAC TGGGACGAAG ACGAACACTT 
CTTCATAGTT GACCGCTTGA AGTCTTTAAT TAAATACAAA GGATATCAGG TGCCCCCCCC 
TGAATTGGAA TCGATATTGT TACAACACCC CAACATCTTC GACCCGGOCG TGGCAGG-C- 
TCCCGACGAT GACCCCGGTC AACTTCGCGC CGCCGTTGTT GTTTTGGAGC ACGGAAAGAC 
GATGACGGAA AAAGAGATCG TGGATTACGT CGCCAGTCAA GTAACAAC2G CGAAAAAG-TT 
GCGZGGAGG^ GTTCTGTTTG TGGACGAAGT ACCGAAAGGT CTTACCGGAA AACTCGAC^ 
AGAGAGATCC TCATAAAGGC CAAGAAGGGC GGAAAGTC2A AATOITAAAA 
TG.^v.TGTA TTCAGCGATG ACGAAATTCT TAGCTATTGT AATGGGGGAT CCCCAACTTG 
CTTATAATGG TTACAAATAA AGGAATAGCA TCACAAATTT CACAAATAAA 

GCATrrrrrr gactgcattc tagttg-?ggt ttgtccaaac tcatcaatst atcttatcat 

^"^fU^ ^^"™I5^^ CGGGTACCGA GCTCGAATTC GTAATCATGG TCATAGCTGT 

"ACAA TTCCACACAA CATACGAGCC 



..ZZ-TCTGTG AAATTGTTAT CCG^T^ACAA TTCCACACAA CATACGAGCC GGAAGCATAA 
AGTCTAAAGC CTGGGGTGCC TAATGAGTGA GCTAACTCAC ATrAATTGCG TTGCGCTCAC 



-r - - - , , — j.^^ ^^^^ i i'Ui-ow * CAC 

TG^CCGCnr CCAGTCGGGA AACCTGTCGT GCCAGCTGCA TTAATGAATC GGCCAACGCG 
CGGGGAGAGG CGGTTTGCGT ATTGGGCGCT CTTCCGCTTC CTCGCTCACT GACTCGCTGC 
GCTCGGTCGT TCGGCTGCGG CGAGCGGTAT CAGCTCACTC AAAGGCGGTA ATACGGTTAT 
CCACAGAATC AGGGGATAAC GCAGGAAAGA ACATGTGAGC AAAAGGCCAG CAAAAGGC-A 
GGAACCGTAA AAAGGCCGCG TTGCTGGCGT TTTTCCATAG GCTCCCCCCC CCTCACGAGC 
ATCACAAAAA TCGACGCTCA AGTCAGAGGT GGCGAAACCC GACAGGACTA TAAAGATAC- 

AGGccrrrcc ccctggaagc tccctcgtgc gctctcctct tccgaccctc ccgcttaccg 

GATACCTGTC CGCCTTTCTC CCTTCGGGAA GCGTGGCGCT TTCTCATAGC TCACGCTGTA 
GGTATCTCAG TTCGGTGTAG GTCGTTCGCT CCAAGCTGGG CTGTGTGCAC GAACCCCC-G 
TTCAGCCCGA CCGCTGCGCC TTATCCGGTA ACTATCGTCT TCAGTCCAAC CCGGTAAGA^ 
ACGACTTATC GCCACTGGCA GCAGCCACTG GTAACAGGAT TAGCAGAGCG AGGTATGTAG 
GCGGTGCTAC AGAGTTCTTG AAGTGGTGGC CTAACTACGG CTACACTAGA AGGACAGTA- 
TTGGTATCTG CGCTC^CTG AAGCCAGTTA CCTTCGGAAA AAGAGTTGGT AGC^-rrGAT 
CCGGCAAACA AACCACCGCT GGTAGCGGTG GTTTTTTTGT TTGCAAGCAG CAGATTACG- 
GCAGAAAAAA AGGATCTCAA GAAGATC2TT TGATCTTTTC TACGGGGTCT GACGC-CAG^ 
CTCACGTTAA GGGATTTT^ TCATGAGATT ATCAAAAAGG ATCTTCACC" 
AGATCCTTTT AAATTAAAAA TG AAGTTTTA AATCAATCTA AAGTATATAT GAGTAAACTT 



.i-w-i 4. w j-wn, * w A j-i * /\ A i. 1 '-'Xv-* i AAAC^ 

GGTCTGACAG TTACCAATGC TTAATCAGTG AGGCACCTAT CTCAGCGATC TGTCTATTT. 
CCATCCAT AGTTGCCTGA CTCCrCGTCG TGTAGATAAC TACGATACGG GAGGGCTTAC 
CAGTGCTGCA ATGATACCGC GAGACCCACG CTCACCGGCT CCAGATTTA- 

AGCGCAGAAG TGGTCCTGCA ACTTTATCCG 

CCAGTTAATA 



CATCTGGCC: 

CAGCAATAAA CCAGZCAGCZ GGAAGGGCl. , 

CCTCCATCCA GTCTATTAAT TGTTZZZZGG AAGCTAGAGT AAGTAGTT: 
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4621 crrroCGCAA CGTIX3TTCCC ATTGCTACAG GCATCGTGGT GTCACGCTCG JC(rrTTCGrA 

llt^ TGGC-TCAT- CACCTCCGGT TCCCAACGAT CAAGGCGAGT TACATGATCC CCCATGrTGT 

JSSISS SSSS^? T^CK^-^ CGATCGTJ^ 

4801 TCTTATCACT CATGGTTATC GCAGCACTGC ATAATTCTCT 3*f??TCATG EJTEH^^ 

48 Gl GATCCnrrC TCTCACIGGT GAGTACTCAA CCAAGTCATT CTSAGAATAG TGTATGv.^ 

4921 GACCGAGTTC CTCTTCCCCG GCGTCAATAC GGGATAATAC CGCGCCACAT AGCAGAACTT 

4981 TAAAAGTCCT CATCATTCGA AAACGTTCTT CGGGGCGAAA ACTCTCAAGG ATCTTACC>.^ 

5041 TCTO3AGATC CAGTTCGATC TAACCCACTC GTGCACCCAA CTGATCTTCA GCATCTTTTA 

5101 c-nrcAccAG cGrrrcroGG tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa 

5151 TAAGGGCGAC ACGGAAATCT TGAATACTCA TACTCTTCCT mTCAATAT TATTGAAGCA 

5221 TTTATCAGGG TTATTCTCTC ATGAGCGGAT ACATATTTGA ATGTATITAG AAAAATAAAC 

5281 AAATAGGGGT TCCGCGCACA TTTCCCCGAA AAGTGCCACC TCACGTCTAA GAAACCA. .A 

5341 TTATCATGAC ATTAACCTAT AAAAATAGGC GTATCACGAG GCCTATGCGG TtrTCAAATAC 

5401 CGCACAGATG CGTAAGGAGA AAATACCGCA TCAGGCGCCA TTCGCCATTC AGGCTGCGCA 

54 61 ACTGTTGGGA AGGGCGATCG GTGCGGGCCT CTTCGCTATT ACGCCAGCTG GCGAAAGGGG 
5521 GATGTGCTGC AAGGCGATTA AGTTGGGTAA CGCCAGGGTT TTCCCAGTCA CGACGTTGTA 

55 81 AAACGACGGC CAGTGCCAAG CTTGCATGCC TGCAGGTCGA 
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